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ABSTRACT

Environmental Justice Mapping in the U.S. Pacific Island Territory of Guam

Sina Schwenk-Mueller

Academics, regulators, and the public currently use geospatial analysis tools to identify
locations that may be candidates for further environmental justice review in the continental United
States (U.S.). However, current environmental justice geospatial analysis tools overlook a small
but significant portion of the U.S. - the U.S. Pacific Islands. This study analyzes environmental
justice within the U.S. Territory of Guam using existing geospatial analysis methods and publicly
available environmental, climate, and socio-economic data. This research aims to: (1) spatially
map relevant demographic, environmental, and climate data and (2) determine the correlation, if
any, between the exposure to environmental hazards, climate vulnerabilities and the socioeconomic status of populations. This study concludes that significant positive and negative
correlation exists between environmental hazard indicators, socio-economic status indicators,
and climate indicators. Scientists, regulators, and the public can utilize the methodology and
conclusions of this work to drive future spatial analysis of environmental justice in the U.S. Pacific
Islands.

Keywords: Environmental Justice, Guam, Mapping, Spatial Analysis, Environmental Justice
Mapping
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Chapter 1
INTRODUCTION

The U.S. Environmental Protection Agency (EPA) defines environmental justice as the
fair treatment and meaningful involvement of all people regardless of race, color, national origin,
or income, with respect to the development, implementation, and enforcement of environmental
laws, regulations, and policies (U.S. EPA, 2014k). Lower-income communities and communities
of color have historically dealt with greater disparities and don’t typically have access to the same
resources as higher-income white communities. This problem had previously been recognized,
notably in 1982 in Warren County, North Carolina, where thousands of tons of PCB-ridden soil
were intentionally dumped in a landfill in an African American community despite the community’s
protest (Sierra Club, 2016). The environmental justice movement emerged from this instance
when a report exposed massive disparities in the burden of environmental degradation and
pollution facing minority and low-income communities in the U.S. (United Church of Christ
Commission for Racial Justice, 1987). The movement gained momentum over the next decade
leading the federal government to begin addressing the issues associated with environmental
justice in the 1990s with Executive Order 12898, which focused federal attention on the
environment and human health effects of federal actions on minority and low-income populations
to achieve environmental protection for all (Exec. Order No. 12898, 1994; U.S. EPA, 2013a).

Executive Order 12898 went into effect in 1994 instructing all federal agencies to "collect,
maintain and analyze information assessing and comparing environmental and human health
risks borne by populations identified by race, national origin or income" (U.S. EPA, 2014d, para.
1). Since this Executive Order was signed, the EPA has implemented an Office of Environmental
Justice (OEJ) to integrate environmental justice into policies and programs across the agency
(Bearden & Jones, 2021). The most significant barriers for the government to address
environmental justice concerns are: 1) the identification of individuals and communities facing a
disproportionate burden of hazards and 2) access and transparency of environmental justice
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datasets. These specific barriers require a means for identifying and analyzing environmental
justice concerns at a community level. The agency has been using geospatial mapping tools for
many decades now, and the EPA recognized technological advancements as an opportunity to
develop a single, nationally consistent tool that can be used by the EPA, its government partners,
and the public (U.S. EPA, 2014e).

In late 2010, the U.S. EPA began developing an environmental justice mapping tool
called EJSCREEN, intended to screen for areas that may be candidates for additional
consideration, analysis, or outreach as EPA develops programs, policies, and activities that may
affect communities (U.S. EPA, 2014d; U.S. EPA, 2014e). EJSCREEN provides the EPA and the
public with a nationally consistent dataset and approach that combines environmental and
demographic indicators in maps and reports (U.S. EPA, 2014f). However, one limitation is that
this tool does not include all U.S. Nationals, specifically it does not account for the U.S. Pacific
Islands. The U.S. Pacific Islands include three territories (Guam, American Samoa, and the
Commonwealth of the Northern Mariana Islands) and three freely associated states (the Republic
of Palau, the Federated States of Micronesia, and the Republic of the Marshall Islands), as seen
below in Figure 1-1 (48 U.S. Code § 1469a - Congressional Declaration of Policy Respecting
“Insular Areas,” n.d.).

Figure 1-1: Map of the U.S. Pacific Islands (Climate Adaptation Science Centers, 2018)
2

Current environmental justice screening efforts, such as EJSCREEN, have overlooked
the communities within the Pacific Islands. While climate change and environmental hazards are
a global threat, the disproportionate impact on the Pacific Islands has gained increasing visibility
(Grecni et al., 2020; Spencer et al., 2020). Over 250,000 Pacific Islanders lack accessible
environmental and demographic data, inhibiting them from identifying risk exposure (Bureau,
n.d.). This lack of access to information also weakens federal and local agencies’ identification
and remediation of environmental justice problems in these areas. As islands begin to disappear
due to sea level rise and erosion of the coastline, Pacific Island government officials, scientists
and activists have recently tried to raise awareness of the issues climate change threats pose
(Mcleod et al., 2019; Spencer et al., 2020). Listening to and supporting those who are on the
frontline of global warming, climate change, and other environmental injustices is extremely
crucial in developing a tool that is suitable for them.

Given the time constraints of this project and a desire to efficiently focus on one island,
this study is concentrated on the U.S. Territory of Guam, as it is the largest and most inhabited of
the U.S. Pacific Islands (Bureau, n.d.). The purpose of this study is to fill a gap in available
information by transposing environmental datasets with socio-economic data sets to identify
vulnerable areas in Guam and identifying areas where data is lacking. This goal will be achieved
through two main objectives: 1) spatially mapping relevant demographic, environmental, and
climate data, and 2) determining the correlation, if any between the exposure to environmental
hazards, climate vulnerabilities, and the socio-economic status of populations This project aims to
develop a framework for future studies on the remaining islands, to inform the public and
governing bodies on environmental injustices within the U.S. Pacific Island Territories. Currently,
the Pacific Islands are not included in the national environmental justice mapping tool used by the
EPA; therefore, this study aims to fill a data accessibility gap while also expanding the
understanding of environmental justice in this area.
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Chapter 2
LITERATURE REVIEW
2.1 Introduction

The following chapter provides a literature review of resources relating to the geospatial
mapping and statistical analysis of environmental, climate, and demographic data in the U.S.
Territory of Guam. This literature review touches on a brief overview of environmental justice,
how/why the movement came about, and the current policy that has been put in place to combat
this issue. Next, the concept of geospatial analysis is introduced, followed by a description of
current environmental justice screening tools in use. Lastly, this chapter provides insight into the
history of Guam and environmental and climate change related disparities that the inhabitants of
the Pacific Islands currently face.

2.2 Environmental Justice

Environmental justice has become an important area of focus within academic and
government work. Understanding the history and importance of the environmental justice
movement, as well as what has been done thus far, are key points to consider when researching
this topic.

2.2.1 History and Overview
The term “environmental justice” is ambiguous and holds a variety of definitions. The U.S.
EPA defines environmental justice as the fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income, with respect to the development,
implementation, and enforcement of environmental laws, regulations, and policies (U.S. EPA,
2014k). This means that no person should bear a disproportionate share of the negative
environmental consequences resulting from industrial, municipal, and commercial operations or
the execution of federal, state, local, and tribal programs and policies (Bullard & Johnson, 2000).
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Similar to the definition given by the EPA, Robert Bullard, who has been coined the “father of
environmental justice”, defines it as the principle that all people are entitled to equal
environmental protection regardless of race, color, or national origin; in simple terms, it is the right
to live, work and play in a clean environment (Milman, 2018). Hilda Kurtz, states that: ‘the term
environmental injustice refers to both distributive and procedural bias against politically
disadvantaged groups in society; the concept of environmental justice, is intended to be inclusive
of a variety of site-specific grievances’ (Kurtz, 2005, p. 81).

After the issues found in Warren County came to light, the 1991 First National People of
Color Environmental Leadership Summit took place in Washington, D.C., and became arguably
one of the single most important events in the movement’s history (Bullard & Johnson, 2000). The
summit expanded the scope of the environmental justice movement beyond its antitoxic focus to
include issues of public health, worker safety, land use, transportation, housing, resource
allocation, and community empowerment (Bullard et al., 2008). As the environmental justice
movement continued to gain momentum, it called attention to the fact that low-income citizens,
especially low-income individuals of ethnic minority, were much more likely to be exposed to toxic
wastes and other potentially health-threatening environmental conditions relative to their white
fellow citizens with higher socio-economic status.

2.2.2 Socio-economic Status, Race, and Environmental Risk

During the 1970s, major advances improved environmental quality. However, U.S.
environmental organizations failed to acknowledge the problems that were faced by urban
residents and people in specific rural communities. These challenges continued to worsen in
these regions, leading to disparities in the distribution of environmental health effects, which are
closely linked with social, economic, and environmental disadvantages (Bullard & Johnson, 2000;
Van Horne et al., 2022). Air, water, soil, and food are just a few of the fundamental factors that
determine human health and well-being. As stated, environmental harm has traditionally fallen
most heavily on low-income communities and communities of color (Konisky et al., 2021; Lord &
5

Shutkin, 1994; Stephens, 2007). In addition to closer proximity to pollution sources, higher
exposure to environmental hazards has also been linked to the lack of enforcement of
environmental regulations in minority communities and insufficient responses from governing
bodies when community members express complaints (Jones et al., 2014). Communities of color
in the U.S. often reside in neighborhoods with worse air quality, more environmental hazards, and
fewer health-promoting environmental amenities such as parks and ample amounts of green
space, which are all examples of unequal distribution of exposures that contribute to racial/ethnic
health disparities in environmentally sensitive diseases such as cancer and asthma (Cushing et
al., 2015). The term “environment” in “environmental health” is broadly defined. The term varies
between physical elements such as water, air, and toxic materials, the built environment and
whether or not amenities were created to promote health and well-being, and societal decisions
pertaining to health (Maantay & McLafferty, 2011). Environmental justice researchers, Evans and
Kantrowitz (Evans & Kantrowitz, 2002), state that the more researchers examine environmental
exposure and health data for racial and income inequalities, the stronger the evidence becomes
that the U.S. faces drastic environmental injustices across the country.

2.2.3 Current Policy Addressing Environmental Justice

Despite notable developments in environmental protection over the past several
decades, millions of Americans continue to live in unsafe and unhealthy physical environments
(Bullard & Johnson, 2000; Campbell, 2016). Environmental justice was institutionalized as a
central priority of the federal government in 1994 through an Executive Order signed by President
Bill Clinton (Perez et al., 2015). Executive Order 12898 heightened the importance of
environmental justice by giving federal agencies three main directives: 1) identify and address the
impacts their actions may have on the human health and environmental health of minority and
low-income populations, 2) establish a plan for implementing environmental justice, and 3)
encourage an unbiased outlook on topics that impact human health and the environment, and
provide minority and low-income communities with access to public information and opportunities
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for public engagement (U.S. EPA, 2013). The presidential Executive Order 12898 instructs all
federal agencies to "collect, maintain and analyze information assessing and comparing
environmental and human health risks borne by populations identified by race, national origin or
income" (U.S. EPA, 2014b, para. 1). Since that executive order was signed, the EPA has formed
OEJ to help the agency comply with the standards and address the environmental justice
concerns across the country, such as environmental justice screening tools, which will be
discussed in further sections. The EPA’s OEJ coordinates the implementation of Executive Order
12898 within the agency, administers environmental justice grants, and assists other federal
agencies in their implementation of the executive order (Bearden & Jones, 2021).

At a state level, focusing on one state, in particular, California has undertaken the most
aggressive and robust experiment in passing environmental justice legislation, becoming one of
the first states in the U.S. to codify environmental justice in statute, however, there is still much
more that must be done (CalEPA, 2022). The California Environmental Protection Agency
(CalEPA) Environmental Justice (EJ) Small Grants Program offers funding opportunities
authorized by California Code of Regulations Title 27, Division 1, Chapter 3, Article 1 to assist
eligible non-profit community organizations and federally recognized Tribal governments address
environmental justice issues in areas disproportionately affected by environmental pollution and
hazards (CalEPA, 2022). While this is a step in the right direction, the EJ Small Grants are
awarded on a competitive basis and small grants are not considered to be developed policies
addressing this issue. A study done by environmental justice researchers at UCLA analyzed the
successes and failures of California’s ongoing experiment with environmental justice policy, and
found that environmental justice policy in California is implemented primarily as a function of
improving participation (London et al., 2008). While participation is very important, alone, it does
not make structural changes in social, economic, or political systems that would have a positive
impact on communities that are disproportionately affected by environmental harms.
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Recently, Natural Resources Committee Democrats Chair Raúl M. Grijalva (D-Ariz.) and
Rep. A. Donald McEachin (D-Va.) have been leading the environmental justice movement in
Congress. Starting in 2018, with the help of community members and other environmental justice
stakeholders, they began creating the most comprehensive environmental justice bill in
congressional history, the Environmental Justice for All Act, which is currently being introduced in
the House (Environmental Justice | The House Committee on Natural Resources, 2021; Grijalva,
2021). The Environmental Justice for All Act is established around the value of human life and
that all people have the right to pure air, clean water, and an environment that enriches life
(Environmental Justice | The House Committee on Natural Resources, 2021). It is informed by
the belief that federal policy can and should seek to achieve environmental justice, health equity,
and climate justice for all communities (Environmental Justice | The House Committee on Natural
Resources, 2021; Grijalva, 2021).

2.2.4 Access to Information

Public access to environmental information plays an integral role in improving the quality
of environmental decision-making. Providing the public with environmental data increases public
consciousness, increases the potential for government officials to be informed of public opinion
by enabling citizens to effectively exercise their voice, and enhances public engagement (Mihaly,
2009). Information is important for people because it promotes problem-solving approaches and
thinking skills like asking questions and seeking answers, finding information, forming opinions,
evaluating sources, and making decisions that foster responsible citizens (Fugui et al., 2008;
Rowan-Robinson et al., 1996; Verestiuc & Tucaliuc, 2015).

Availability of information also leads to public awareness and allows community members
to educate themselves on certain matters. Environmental education is crucial for the future as
each citizen holds the responsibility to protect the environment, however, this can only be
achieved through accessible information (Environment, 2018). There are numerous U.S. laws in
place to ensure that information is publicized, such as freedom of information laws, right-to-know
8

laws, permitting laws, and environmental impact assessment laws (Commission for
Environmental Cooperation (Montreal & North American Commission for Environmental
Cooperation, 2003; Jr, 2001). The connection between regulatory measures and the collection of
information dates back to the early responses to the modern environmental movement. One of
the milestones is the U.S. National Environmental Policy Act (NEPA) of 1969. NEPA requires
federal agencies to assess the environmental effects of their proposed actions before any
decisions are made and requires that the agency must disclose its plans to the public,
empowering local communities to fight for the environment around them (42 U.S. Code Chapter
55 - NATIONAL ENVIRONMENTAL POLICY, n.d.; “The Benefits of NEPA,” n.d.; “What Is NEPA,”
n.d.; Verestiuc & Tucaliuc, 2015).

While laws such as the ones previously listed ensure that an ample amount of
environmental data is publicly available, a vast majority of that information is not necessarily userfriendly (meaning anyone, regardless of background would know how to handle it) and does not
allow users to easily integrate multiple data sets and contrast them (Haklay, 2003). Comparable
datasets hold the benefit of allowing individuals to compare certain environmental and climate
hazards where they reside in comparison to another location. The main exception to the difficulty
certain public data domains hold is data provided through geographic technology, which has
become increasingly prevalent in environmental information systems. Most environmental
information is stored in computerized information systems, mainly using geographic information
systems (GIS). In accordance with the increasing demand for public access, there is a growing
need for publicly accessible environmental information systems. A key reason for utilizing
geospatial technology to analyze environmental justice is its ability to improve community access
to information, as GIS outputs are considered to be very useful in understanding and interpreting
environmental data due to its variability and ability to better understand relationships between
certain environmental or social parameters (Haklay, 2003; S. Paul, 2018; Verestiuc & Tucaliuc,
2015).
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Some commentators argue that access to information does not necessarily lead to
increased participation or accountability due to structural and political barriers which can obstruct
the public’s ability to make a difference and the desire for governments to be more transparent
(Access to Information – and Its Constraints - GSDRC, 2011). However, granting the public the
right to exercise their voice and stand up for themselves and their communities is essential when
aiming to reach a just society and break down these structural barriers (Access to Information –
and Its Constraints - GSDRC, 2011; U.S. EPA, 2014a). Residents’ knowledge of environmental
hazards and their health effects is limited, in part due to the absence of tools that can be used to
map and visualize risk factors across various demographic groups (Driver et al., 2019).

2.3 Development of Environmental Justice Tools

This section introduces geospatial analysis and three current GIS-based environmental
screening tools that have been created. This project is looking at these three different screening
tools as a guide to create one for Guam.

2.3.1 Geospatial Analysis
Though the term “geospatial analysis” is widely used in the academic world, it holds
various different definitions. This study will use the definition given by researcher Murayama,
which defines geospatial analysis as a GIS-based approach to analyzing geographically
referenced information using methods such as statistics, information theories, computational
geometry, and visualization techniques. Spatial analysis is used to observe the sources of
changes on the earth’s surface and analyze the geographical occurrence in order to understand
processes and relationships (Murayama, 2012). Geospatial analytics is used to provide timing
and location to traditional types of data and to build data visualizations, such as maps, graphs,
statistics, diagrams, etc. to provide insights into relationships between variables and unveil
patterns within the data (Smith et al., 2007; What Is Geospatial Data, n.d.). Geospatial analysis
gives researchers the ability to suggest appropriate planning measures and decision-making to
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ensure the development of a region is done sustainably (Murayama, 2012). GIS is an important
aspect of studying environmental justice due to its ability to portray how social, economic, and
racial stratification have worsened the disproportionate burden marginalized communities face
concerning environmental hazards (Driver et al., 2019).

Geographic Information Science and related methods can help to inform communities
and public health officials about the potential environmental health risks and the inequities in the
exposure to those risks (Theseira, 2002). Technologies, such as the internet and GIS, have been
integrated into the activities of many health organizations and while they are promising, many
organizations want to use GIS but do not have all the necessary resources to use these programs
in-house (Elwood, 2002; Jadad & Gagliardi, 1998; Sieber, 2000; Yasnoff & Sondik, 1999). ‘WebGIS’, or mapping done on the internet, can ease this issue by providing GIS tools on a platform
with relatively low costs and training requirements in comparison to purchasing and using
standalone GIS systems (Maclachlan et al., 2007; Wong & Chua, 2001).

According to Maantay and McLafferty (2011), recently, geospatial analysis and
environmental health have begun to interact with each other. Methdological advances in
accessing, measuring and storing this data have increased the notability and recognition of using
geospatial methods (Lam, 2012; Maantay & McLafferty, 2011). Monitoring the distribution of
various environmental hazards, understanding the exposures people face to these hazards and
assessing their impacts on human health are some of the fundamental issues pertaining to
environmental health, and GIS and spatial analysis methods are uniquely suited to environmental
health investigations (Maantay and McLafferty, 2011). While there are no screening tools
currently in place for the U.S. Pacific Islands, developing one that is geared to fit the needs of this
population is feasible.

11

2.3.2 EJSCREEN

The U.S. EPA has been using geospatial mapping tools for many decades now and has
developed several different data and mapping tools, such as Power Plant Mapping (which
identifies the location of powerplants), Drinking Water Mapping (used to help users find
information related to the protection of drinking water sources), EnviroAtlas (provides ecosystem
and human health data), etc. (U.S. EPA, 2014i). More recently the EPA recognized global
technological advancements as an opportunity to develop a single, nationally consistent tool that
can be used by the EPA, its governmental partners, and the public. Soon after, the U.S. EPA
began developing a web-based GIS mapping tool that the agency can use to screen for areas
that may be candidates for additional consideration, analysis, or outreach for developing EPA
community-based programs, policies, and activities that may affect communities (U.S. EPA,
2014c). EJSCREEN provides the EPA with a nationally consistent approach that combines
environmental and demographic indicators in maps and reports (U.S. EPA, 2014f). A benefit to
EJSCREEN being a web-based tool accessible to all is that it offers a powerful range of
interactive functions. Users can define an area of interest, such as a point, line, buffer, or
polygon, and access a wide array of environmental and demographic data as well as the location
of sensitive populations (Lee, 2020).

EJSCREEN was developed to expand on screening tools used by the EPA and to
provide a new, user-friendly screening tool that addresses stakeholder concerns in an informative
way; the goal was to find a balance between simple screening level information and high quality
data (U.S. EPA, 2014d). Development of EJSCREEN began in late 2010, the EPA began using
an early version in 2012, it was peer-reviewed in early 2014 and finally was released to the public
in 2015 (U.S. EPA, 2014e). Since its public release, EJSCREEN has been and will continue to be
updated annually with the newest and best data available (U.S. EPA, 2014d). The tool’s purpose
is to consolidate demographic and environmental health data from a multitude of publicly
available sources into maps and reports which enables researchers and the general public to
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compare aspects of environmental justice in marginalized communities to state, regional, and
national averages (Driver et al., 2019). EJSCREEN uses datasets from the Census Bureau, US
Department of Transportation (DOT), and various EPA offices including the Office of Air (OAR),
Office of Research and Development (ORD), Office of Water (OW), and Office of Land and
Emergency Management (OLEM) (U.S. EPA, 2014m). The U.S. EPA uses EJSCREEN to identify
areas that may have higher environmental burdens and vulnerable populations as the Agency
develops programs, policies, and activities that may affect communities (U.S. EPA, 2014b). As
explained by Zhao et al. (2018), screening tools, such as EJSCREEN, are widely employed by
government, industry and community groups to assess which areas face the greatest inequalities.
While the tool has many beneficial features, there are some limitations to the tool. EJSCREEN
combines demographic indexes with a user-selected environmental indicator to generate an EJ
Index. The environmental, demographic, and EJ indicator outputs are calculated at a block group 1
level to provide a nationally consistent dataset (U.S. EPA, 2014m). An example of a EJSCREEN
generated report showing areas impacted by ozone pollution is illustrated in Figure 2-1 below.

Figure 2-1: EPA’s EJSCREEN showing areas impacted by high levels of ozone (EJScreen,
2022).

13

It is important to understand that EJSCREEN is not a detailed risk analysis; it is a
screening tool that merely examines a handful of the relevant issues relating to environmental
justice (U.S. EPA, 2014h, p. 20). The EPA is transparent in expressing the weaknesses of the
EJSCREEN mapping tool. The agency states that the tool, “cannot capture all the relevant issues
that should be considered and relies on demographic and environmental estimates that involve
substantial uncertainty” (U.S. EPA, 2014e, para. 3). Although EPA’s EJSCREEN has comparable
data for most of the U.S., it does not currently provide data for the U.S. Pacific Islands.

2.3.2.1 Indicators Used in EJSCREEN

As of 2021, EJSCREEN contains 12 environmental indicators, which range from
estimates of human health risk to proxies for potential exposure, and six demographic indicators
(U.S. EPA, 2014l). The indicators and their descriptions can be found below in Tables 2-1 and 22.

Table 2-1: The 12 environmental indicators with their description (U.S. EPA, 2014j).
Indicator

Description/Units

Particulate Matter (PM2.5 level) in
the air- micrograms per cubic
meter (μg/m3) annual average.

Micrograms per cubic meter (μg/m3) annual average

Ozone

Ozone summer seasonal average of daily maximum 8hour concentration in air in parts per billion (ppb)

Traffic Proximity and Volume

Count of vehicles per day (average annual daily traffic) at
major roads within 500 meters (or nearest one beyond
500 m), divided by distance in kilometers (km)

Lead Paint Indicator

Percent of housing units built before 1960, as an
indicator of potential exposure to lead paint

Superfund proximity

Count of proposed or listed NPL - also known as
superfund - sites within 5 km (or nearest one beyond 5
km), each divided by distance in kilometers
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Proximity to Risk Management
Plan Facilities (RMP)

Count of RMP (potential chemical accident management
plan) facilities within 5 km (or nearest one beyond 5 km),
each divided by distance in km

Hazardous waste proximity

Count of hazardous waste facilities (TSDFs and LQGs)
within 5 km (or nearest beyond 5 km), each divided by
distance in kilometers

Underground storage tanks (UST)
and leaking UST (LUST)

Count of LUSTs (multiplied by a factor of 7.7) and the
number of USTs within a 1,500-foot buffered block group

Wastewater discharge

RSEI modeled toxic concentrations at stream segments
within 500 meters, divided by distance in kilometers (km)

National Air Toxic Assessment
(NATA) Diesel PM

Diesel PM level in the air, μg/m3

NATA Air Toxic Cancer Risk

Excess lifetime cancer risk from inhalation of air toxics

NATA Respiratory Hazard Index

Ratio of exposure concentration to health-based
reference concentration

Table 2-2: The six demographic indicators with their description (U.S. EPA, 2014g):

Indicator

Description/Units

Percent low income

The percent of a block group’s population where the
household income is less than or equal to twice the
federal “poverty level”

Percent people of color

The percent of individuals who list their racial status as a
race other than white

Less than high school graduation

The percent of people age 25 or older in a block group
whose education is short of a high school diploma

Linguistic isolation

The percent of people in a block group living in a
linguistically isolated household

Individuals under age 5

Households with individuals under the age of 5

Individuals over age 64

Households with individuals over the age of 64
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The indicators listed above range from direct estimates of risk to estimated indicators of
proximity or exposure to pollution or other environmental hazards. The environmental indicators
are primarily focused on potential impact at residential locations and therefore only address some
of the exposures that individuals or communities could face.

2.3.3 CalEnviroScreen
Similar to EJSCREEN, the State of California’s Office of Environmental Health Hazard
Assessment (OEHHA) developed CalEnviroScreen, which is a screening tool that considers both
pollution burden and population vulnerability in assessing the potential for cumulative impacts
across California zip codes. CalEnviroScreen uses environmental, health, and socio-economic
information to produce a cumulative impact score for every census tract in the state. This tool
combines 20 indicator data sets categorized into four broad groups: exposures, environmental
effects, sensitive populations, and socio-economic status (Lee, 2020; OEHHA, 2015a). The
cumulative impact scores are mapped so that different communities can be compared; an area
with a high score experiences a much higher pollution burden than areas with low scores
(Witteborg, 2019). Cumulative impact refers to exposures and public health or environmental
effects from all sources of pollution in a geographic area, considering groups of people that are
especially sensitive to pollution’s effects, such as young children and people with asthma, and
socio-economic factors, such as poverty, race, and ethnicity, and education (CalEnviroScreen
4.0, 2021). It is very important for a cumulative impact approach to consider race and ethnicity
when looking at vulnerability and environmental stressors because communities of color in the
U.S. tend to experience lower levels of educational attainment, wealth, and overall health,
increasing their susceptibility to these hazards (Cushing et al., 2015).

Former CalEPA Secretary, Matt Rodriquez, states that the core objective of
CalEnviroScreen is to provide state and local decision-makers with information that will enable
them to focus their time, resources, and programs on those portions of the state that are most in
need of assistance (Rodriquez & Alexeeff, 2013). A multivariate analysis of CalEnviroScreen
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study conducted by Greenfield (2017), led to the conclusion that CalEnviroScreen can
successfully identify regions of high environmental exposure and population vulnerability.
Although the field is still in its infancy, several proposed methods are used to better reflect the
cumulative impacts of environmental exposures and population vulnerabilities and provide
assessments that can support the incorporation of equity and environmental justice goals into
policymaking (Cushing et al., 2015). CalEnviroScreen is used by CalEPA’s Environmental Justice
Task Force and other entities, such as the Department of Toxic Substances Control (DSTC), to
identify communities in need and guidance in allocating grants (OEHHA, 2015; OEHHA, n.d.).
Environmental justice mapping efforts, such as CalEnviroScreen and EJSCREEN, aid in
addressing instances of environmental injustices by providing accessible data to communities
and decision-makers (U.S. EPA, 2014c).

2.3.4 Other State and International Screening Tools

Another state tool that has similarities with both EJSCREEN and CalEnviroScreen is the
Maryland (MD) EJSCREEN. Although EPA’s EJSCREEN can map the entire continental U.S., as
stated above, it is unable to address all issues relevant at the local level due to the broad scope
of the screening tool. MD EJSCREEN incorporates additional indicators that are more specific
and localized toward Maryland (Archer & Wilson, 2020). EPA’s EJSCREEN utilizes a different
scale of analysis and it cannot compute a score of environmental justice like MD EJSCREEN and
CalEnviroScreen, which makes the development of a tool specific to Maryland all the more
necessary (Driver et al., 2019).

Furthermore, these tools are not unique to America. In 2020, Canadian researchers used
a national-level socio-economic status (SES) index to measure place-based relative social
vulnerability and socio-economic inequalities across Canada to investigate how disparities in
overall socio-economic status influence environmental justice outcomes (Chakraborty et al.,
2020). In Malta, Portelli (2020) developed an environmental justice screener intended specifically
for smaller island states and found that there are significant environmental justice issues present
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on this island. In Latin America, Calil (2017) conducted a study analyzing the combination of selforganizing maps and a spatial index to assess coastal risks on a comparative scale. The
development of such screening tools has shed light on the fact that environmental justice
communities typically suffer from a concentration of pollution sources and negative land uses as
well as health and social vulnerabilities, which only exacerbates the importance of the existence
of such tools (Lee, 2020).

2.4 Environmental Management on the Pacific Island of Guam

Issues pertaining to environmental justice in the U.S. Territory of Guam hold similarities
to other communities around the globe, as low-income and often minority populations are the
most vulnerable when it comes to facing disproportionate burdens of environmental and climaterelated risks. However, environmental justice in Guam is unique from other locations due to its
complex history and the localized environmental and climate concerns found here.

2.4.1 History of Guam

The U.S. Pacific Islands are comprised of three U.S. territories and three freely
associated states (48 U.S. Code § 1469a - Congressional Declaration of Policy Respecting
“Insular Areas,” n.d.). The three freely associated states are not U.S. territories, but independent
countries with a Compact of Free Association agreement with the United States (CDC, 2021).
Guam is the most developed of the U.S. Pacific Island territories, with a population of 159,358
individuals and a land area of 540 km2 (210 sq mi) (U.S. Census Bureau, n.d.). A map of Guam is
shown below in Figure 2-2.
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Figure 2-2: Map of Guam (Central Intelligence Agency, 1991).

Native Guamanians (a political term used to identify all legal residents of Guam),
ethnically called Chamorros, are of Malayo-Indonesian descent with a considerable combination
of Spanish, Filipino, Mexican, and other European and Asian ancestries (Guam | History,
Geography, & Points of Interest | Britannica, n.d.; Pier, 1998). The communities within Guam are
culturally diverse, with Chinese, Japanese, Filipino, Korean, and other Asian communities of
significant size, along with its indigenous population and people from the mainland U.S.; just
under one-third of the population is Asian, and a small minority of people are of European
ancestry (Guam | History, Geography, & Points of Interest | Britannica, n.d.). English and
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Chamorro are the two official languages in Guam, English being the language of education and
commerce (Guam | History, Geography, & Points of Interest | Britannica, n.d.; What Languages
Are Spoken on Guam, 2021).

Guam, known to native Chamorros as Guahan, has a long history of colonization afflicted
by centuries of warfare, violence, disease, and subjugation. The Chamorros have endured a
history of near annihilation and subjugation by the Spanish (1521-1898), subsequent colonization
by the American government (1898-present), and invasion and occupation by the Japanese
military during World War II, with additional trauma being experienced during the Vietnam War
(Pier, 1998). When Spanish warships came to ‘discover’ Guam in the 1500s, they brought
disease, famine, violence, and war resulting in tens of thousands of native Chamorros dying
throughout the centuries of rule (Rapadas, 2007). Following the Spanish American War, Guam
became a colony of the U.S.; U.S. occupation lasted until World War ll. In 1941, Guam was
attacked and occupied by the Japanese, leading the small island territory to face death and
destruction. After years of brutality, rape, and massacres brought about by Japanese occupation
and violent U.S. attempts to take back Guam, the island was re-occupied by the U.S. in 1944 and
became an unincorporated territory in 1950 (The Trauma of Colonization, 2021).

Bosqui et al. (2019) linked Guam’s 2010 Census CDC Behavioral Risk Factor
Surveillance System (BRFSS) to analyze psychological distress, which is defined by the BRFSS
as having a “mental health condition or emotional problem” within the past 30 days (pg. 3). The
researchers found that Chamorros were 50% more likely than the white population of Guam to
report psychological distress and their episodes of poor mental health were more prolonged and
discomforting. Compared to white individuals, Chamorros had a 2.5 times greater risk of severe
psychological distress, which persists for 20-30 days. This study found that other ethnic minority
groups had no significant difference in psychological distress compared to Guam’s white
population, which speaks to the intergenerational trauma the Chamorros felt after nearly 400
years of colonization. Adding to the concern, indigenous Chamorros have the highest rates of
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diabetes, obesity, hypertension, and cancer in Guam when compared to other ethnic groups like
Filipinos, Europeans, other Asians, and Micronesians (Rapadas, 2007). Today Guam is an
unincorporated territory of the U.S., governed under the Organic Act of Guam, which was passed
by the U.S. Congress and approved by the president on August 1, 1950; this act made all
Chamorros U.S. citizens (48 U.S. Code § 1421h - Duties, Taxes, and Fees; Proceeds Collected
to Constitute Fund for Benefit of Guam; Prerequisites, Amount, Etc., Remitted Prior to
Commencement of next Fiscal Year, n.d.). While they do not have the right to vote in national
elections, voters do caucus during the presidential primary season and can send delegates to the
national party conventions (48 U.S. Code § 1421a - Unincorporated Territory; Capital; Powers of
Government; Suits against Government; Type of Government; Supervision, n.d.; Guam | History,
Geography, & Points of Interest | Britannica, n.d.). Understanding the history of Guam and its
native population is critical to the study of environmental justice within the territory.

Guam’s landscape has been devastated both by war and war-making. The island has
played a very important role in the U.S. military actions throughout the region and Guam is
continuing to see an increased military presence (GAO, 2017; Hsu, 2012). The militarization of
Guam's landscape, economy, and culture has made many Chamorros dependent on the military,
which is by far the island's largest employer. Chamorros rank first by both geographical region
and ethnic group in rates of recruitment to the U.S. military (Hsu, 2012). Although generally
economically positive, the military build-up evokes fear within residents of being targeted for
destruction because of a close relationship with the U.S. military and proximity to the U.S. Air
Force and Navy bases in Guam. Some local indigenous leaders object to the build-up of the
military presence because of the possibility that the U.S. government will take more land for
military purposes (Hsu, 2012; Rapadas, 2007).

It is important to understand that the indicators used to measure injustices in the
continental U.S. may differ in comparison to an island community and the culture that comes with
these areas. These regions often vary in terms of which indicators are the most threatening to the
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respective populations. The study of environmental justice on the island of Guam must take the
unique nature of Chamorro culture into account when conducting research and working toward
reducing the continuation of historical trauma associated with environmental and climate ills, as
hazards, exposures, and risks are not uniformly distributed across populations (Burger &
Gochfeld, 2011; Harris & Harper, 1997; Vickery & Hunter, 2016).

2.4.2 Environmental and Climate Change Risks in Guam

The previous section shed light on some of the injustices that Guam has faced for
centuries. Guam’s current vulnerability and lack of capacity to adapt to climate change are
premised on years of resource depletion, oppression, exploitation under colonialism, and postcolonial marginalization (Falzon & Batur, 2018; Pelling & Uitto, 2001). According to academic
literature, the U.S. Pacific Islands face equivalent, if not more, environmental and climate-related
risks when compared to the continental U.S. (Falzon & Batur, 2018; Kelley, 2013; Schwebel,
2018). A report written by the Pacific Islands Regional Climate Assessment (PIRCA) found that
the Pacific Islands are facing and will continue to face devastating impacts of climate change,
such as increasing air temperatures, stronger tropical storms and typhoons, declining total
rainfall, coral reef bleaching and loss, and sea level rise (Douglass & Cooper, 2020; Grecni et al.,
2020). Along with these impacts, it is expected that some groups in Guam will be affected more
heavily than others. The prevalence of heat-related illness is expected to increase, and there will
be risks to freshwater and ecosystem biodiversity, along with overall food insecurity (Field &
Barros, 2014; Grecni et al., 2020; Mcleod et al., 2019).

According to the World Health Organization, many small islands in the Pacific Islands
already present high burdens of climate-sensitive health risks, such as vector, food, and waterborne diseases (WHO, 2021). Thomas et. al (2020) described small island nations as being on
the “frontlines of climate change” due to all the devastating impacts these communities face.
Besides Chapter 29 (Small Islands) in the 2014 Fifth Assessment Report (AR5) of the
Intergovernmental Panel on Climate Change (IPCC) and other recent studies, there is no
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comprehensive and structured review of the scientific literature relating to climate change
adaptation in small island nations and especially not a study that draws attention to the shifts in
understandings of vulnerability, resilience, and transformation pre- and post-AR5 (AR5 Climate
Change 2014, n.d.; Klöck & Nunn, 2019; Nurse et al., 2014; Petzold & Magnan, 2019; Robinson,
2020). The overall lack of this kind of information only leads to further environmental and climate
injustices within these communities.

Literature has shown that the Pacific Islands not only face climate-related issues but are
also dealing with historic and ongoing consequences from U.S. military operations. Thomson and
Samuel-Jones (2020) found that Puerto Rico, the U.S. Virgin Islands, Guam, Mariana Islands,
and American Samoa unjustifiably face environmental hazards that are tied to tourism,
commercial production, militarism, and nuclear testing. Thomson and Samuels argue that the
remote and relatively biodiverse Pacific Islands are consistently found to be bearing the burden of
toxic waste which originated “on the other side of the sea”, referring to the U.S. and the impacts
of colonialism. Similarly, Spencer et al. (2020) argue the relationship between Pacific people and
the environment, which defines who they are socially, spiritually, and ancestrally, continues to be
damaged by the injustices brought about by imperialistic and capitalistic actions. Alvarez et al.
(2021) argue that the U.S. military enforces racial and colonial projects with colonized people, as
in the case of Guamanians and other racialized groups, due to their use of organized armed
forces to execute physical, cultural, and political subjugation against Native American
communities. When analyzing the injustices faced by the Pacific Islands, Craig Perez, a resident
of Guam states, “Guam was once a place of biodiversity; now, nearly a hundred Superfund and
dump sites plague our island” (C. S. Perez, 2019, para. 3). Pacific countries are ecologically
fragile and among some of the most vulnerable areas, meaning the impacts of climate change
and environmental harm poses many potential health risks for the region (Grecni et al., 2020;
WHO, 2021).
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2.4.3 Pacific Islands Screening Tools

While the climate change impacts discussed above are a threat globally, the
disproportionate impact of this crisis on the Pacific Islands has gained increasing visibility
(Spencer et al., 2020). The main challenge to integrating Guam and the other Pacific Islands into
EJSCREEN is the difference in census data collection and environmental data reporting in these
regions. Due to these unique challenges, Guam and the remaining Pacific Islands need an
environmental justice screening tool that is completely localized and designed for them. As
islands begin to vanish due to rising sea levels and erosion along the coast, Pacific Island
government officials, scientists and activists have recently called attention to the risks climate
change poses to their homeland (Spencer et al., 2020).

The greatest challenge in developing a screening tool for the Pacific Islands is identifying
the indicators that would be used as a comparison since Guam lacks monitoring data, however,
when adjusted, socio-economic data is available for Guam (Bureau, 2010). While the tool cannot
fit the same mold as EJSCREEN, the methodology of this study will look towards EJSCREEN,
CalEnviroScreen, and the Maryland EJSCREEN to examine which aspects of these tools would
be suitable for a tool geared toward the Pacific Islands. A study by Rowangould et al. (2019)
compares the results of EJSCREEN before and after being refined to fit a particular area, and the
findings prove that a localized tool presents much more accurate data. While there are substantial
gaps in data available for Guam, any accessible information will still be vital when working to
develop a tool suitable for the Pacific Islands. As climate change and increased anthropogenic
activity continue to exacerbate environmental degradation on the Pacific Islands, residents’
perspectives must be incorporated into the policies that dictate how climate change threats and
environmental hazards are addressed (Spencer et al., 2020).
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2.5 Conclusion

The literature review conducted in this chapter reviewed relevant sources to identify the
research gap that exists within current environment justice screening tools. An abundance of
research has been done on environmental justice mapping in the continental U.S. and other parts
of the world. However, there are currently no environmental justice screening tools that account
for the U.S. Territory of Guam, despite substantial environmental and climate risk to this area.
The objective of the remainder of this project is to fill the research gap that has currently divided
the Pacific Islands from the mainland and restricted them from having a tool to aid in identification
of communities in need that could be eligible for environmental justice support from the
government. The studies and current screening tools discussed within this literature review can
be used to structure a methodology for developing an environmental justice geospatial analysis
tool in Guam. The development of an environmental justice mapping tool for Guam will close the
existing research gap and provide relevant and meaningful information to inhabitants of Guam
and the agencies with jurisdiction over the study area.
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Chapter 3
METHODOLOGY 1
3.1 Methodology Framework

This study adapted procedures used in the development of CalEnviroscreen 4.0
(OEHHA, 2021), EJSCREEN (U.S. EPA, 2014), and research in Malta (Portelli et al., 2020) as
the methodology for mapping and determining correlation, if any, between environmental/climate
risk and socio-economic status in the U.S. Territory of Guam. First, significant environmental and
climate issues in Guam were identified by reviewing literature for climate and environmental
areas of concern. The validity of the issues identified through the literature review was reaffirmed
or reconsidered by the consultation of environmental regulatory agencies and regional
environmental experts. Next, priority environmental, climate, and social indicators that best align
with the identified significant environmental and climate issues were selected for use in this study.
The selection of priority indicators considered the use of each indicator in literature and scholarly
consensus on the strength of the indicator. The methodology then refined indicators by
determining whether a publicly available dataset could support the calculation of the indicator.
The indicator was not selected if a dataset was not publicly available. Available datasets were
consolidated into a database for later analysis. The geographic unit of analysis was selected
based on the spatial granularity of the available data. The smallest unit of analysis was selected
for which all indicator datasets are available. The indicators were then calculated, normalized,
and sorted into quantiles for each location based on the type of indicator. The next step was to
generate maps of the indicators using ArcGIS Pro. Finally, the study performed a Spearman’s
Correlation using the percentile ranking of each indicator in R Studio to determine the correlation,
if any, between each indicator. Table 3-1 further outlines the methodological workflow.

1
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Table 3-1: Methodological Workflow

1. Identification of significant environmental and climate issues (literature review and
expert consultation)
2. Selection of priority environmental, climate, and social indicators (based on
previous studies) (OEHHA, 2021; Portelli et al., 2020; U.S. EPA, 2014).
Education

Lead Exposure

Air Conditioning

Linguistic Isolation

Proximity to NPL sites

Structural Vulnerability

Unemployment

Proximity to TSDFs sites

Flood Risk

Poverty

Proximity to RMP sites

Communication Gap

Minority

Impaired Water bodies

Access to Battery Powered
Radio

Age > 65

Age < 5

3. Identification of publicly available datasets source & refinement of indicators based
on data.
U.S. Census - 2010

U.S. EPA

FEMA

4. Sorting of data and consolidation into database (Microsoft Access and Excel).
5. Selection of Geographic Unit of Analysis
6. Calculation and normalization of indicators for each locality (Excel, ArcGIS Pro).
% Education

% houses built before 1960

% houses with AC

% non-English speaking

Proximity to NPL sites

% structures w/o concrete

% unemployed

Proximity to TSDFs sites

% area in floodplain

% low income

Proximity to RMP sites

% w/o phone or internet

% minority

Proximity to impaired water

% age above 65

% age below 5

7. Conversion of each indicator into quantiles of entire study area (Excel).
8. Map Results (ArcGIS Pro)
9. Calculation of statistical correlation (ArcGIS Pro, Excel, R)
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3.2 Selection of Priority Environmental, Climate, and Social Indicators

This study bases the selection of priority environmental, climate, and social indicators on
the review of previous geospatial environmental justice studies and environmental justice
research. The following section justifies the inclusion of each variable and the selected unit of
measurement.

3.2.1 Environmental

The indicators discussed below comprise the publicly available environmental datasets
retrieved from the U.S. EPA.

3.2.1.1 Lead Paint

Lead paint is measured based on the number of households built before 1960, with 1,096
homes impacted in Guam in 2010 (U.S. Census Bureau, 2010). Researchers (OEHHA, 2021;
U.S. EPA, 2014) commonly utilize households built prior to 1960 as a metric for lead exposure
due to the robust utilization of lead-based paint in construction prior to 1960. Regulations by the
Consumer Product Safety Commission banned the use of lead paint in 1978; however,
households predating the decision still act as the primary vehicle for exposure to lead paint and
lead-containing dust that accumulates indoors (Consumer Product Safety Act, 1977). Jacobs et
al. (2002) found that approximately 40 million homes in the U.S. still had lead paint hazards,
based on a nationally representative survey conducted in 1998–2000. Utilizing Jacobs’ findings,
the U.S. EPA determined that pre-1960 households, when compared to all other households, are
nine times as likely to have lead-based paint hazards. Furthermore, the EPA found that pre-1960
households with children younger than the age of 6, when compared to all other households, are
16 times more likely to contain lead paint hazards (U.S. EPA, 2014). Approximately two percent
of Guam households were built before 1960 (U.S. Census Bureau, 2010).

28

Global research has provided strong evidence that lead paint and lead-containing dust
generated by households can cause life-long decrements in neurological function in infants and
children (CDC, 2010). Lead exposure during early brain development stages can influence the
likelihood of lower IQ, attention-deficit hyperactivity disorder (ADHD), and educational
performance in children (Braun et al., 2006; Chen et al., 2007; Jacobs et al., 2002).

3.2.1.2 Proximity to NPL Sites

Proximity to National Priority List (NPL) sites are measured as the distance weighted
count of all commercial NPL facilities within five kilometers (km) of each location. This method of
measurement is adapted from the U.S. EPA’s EJSCREEN. NPL sites are locations designated by
the EPA based on a defined set of criteria and public comment under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA). The CERCLA, enacted by
Congress in 1980, established broad authority for the EPA to respond to abandoned hazardous
waste sites, commonly referred to as Superfund Sites(Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), 1980). NPL sites are Superfund locations that meet
one of the following criteria:

1. Have received a score of 28.5 or higher in U.S. EPA’s Hazard Ranking System
(HRS);
2. Have been designated as a top-priority site by a State or Territory, or;
3. Are a site for which the Agency for Toxic Substances and Disease Registry
(ATSDR) of the U.S. Public Health Service has issued a health advisory that
recommends removing people from the site, EPA determined the site poses a
significant threat to public health, and EPA anticipates it will be more costeffective to use its remedial authority than to use its emergency removal authority
to respond to the site.
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The release of volatile substances into the atmosphere, groundwater, or surface water
from NPL hazardous waste sites can adversely impact human health and the environment.
Studies have linked proximity to hazardous waste sites to chromosomal anomalies in offspring
(Brender et al., 2011), congenital disabilities (Gensburg et al., 2009; Vianna & Polan, 1984), and
cancer (Griffith et al., 1989).

Prior studies of NPL sites have found that the number and distribution of NPL sites are
more significant within communities with low socio-economic status compared to communities
with high socio-economic status in the U.S. (Anderton et al., 1997; O’Neil, 2007). Noonan et al.
(2009) found that NPL sites are not distributed randomly for demographics and have a higher
occurrence in the minority (Black and Hispanic) and low-income communities. Public and
academic concerns regarding NPL sites are heightened for the Pacific Islands as historical
military installations and military waste have resulted in widespread distribution of both
documented and undocumented historic military waste disposal sites (Thomson & SamuelsJones, 2020b). There are currently two documented NPL sites on Guam (U.S. EPA, 2015a).

The potential health risk associated with NPL sites and historic disparities in the proximity
of minority and low-income communities to NPL sites justified the inclusion of proximity to NPL
sites as a variable within this study.

3.2.1.3 Proximity to RCRA Sites

Proximity to RCRA facilities is measured as the distance weighted count of all
commercial RCRA facilities within five km of each location. This method of measurement is
adapted from the U.S. EPA’s EJSCREEN. The Resource Conservation and Recovery Act
(RCRA) (1976) is the primary legal framework addressing the disposal of solid and hazardous
waste in the U.S. Congress signed the RCRA into law on October 21, 1976, to address issues
associated with the growing national volume of municipal and industrial solid waste. In 1984,
RCRA was amended to include the Hazardous and Solid Waste Amendments, which, amongst
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other things, required phasing out land disposal of hazardous waste, corrective action for
releases, and waste minimization. RCRA Subtitle C established EPA regulatory authority for
governing hazardous waste generation, transportation, and active treatment, storage, or disposal
facilities (Resource Conservation and Recovery Act of 1976, 1976).

As with NPL sites, releasing volatile substances into the atmosphere, groundwater, or
surface water from RCRA facilities can adversely impact human health and the environment.
Academic studies have linked proximity to hazardous waste sites to chromosomal anomalies in
offspring (Brender et al., 2011), congenital birth disabilities (Gensburg et al., 2009; Vianna &
Polan, 1984), and cancer (Griffith et al., 1989). There are currently 84 RCRA facilities on Guam
(U.S. EPA, 2015b).

Academic literature has repeatedly identified historic disparities in community proximity to
hazardous waste. A 2007 United Church of Christ Justice and Witness Ministries report found
that race was the most significant predictor of where hazardous waste facilities are located in the
U.S (Bullard et al., 2007). Similarly, Mohai & Saha (2007) found that the location of hazardous
facilities is uniquely associated with racial targeting, housing discrimination, or other race-related
factors in the U.S.. Numerous other studies concluded an association between race and
hazardous waste facilities (Anderton et al., 1997; Been & Gupta, 1997; Brulle & Pellow, 2006;
Downey & Hawkins, 2008). The potential health risk associated with community proximity to
hazardous waste facilities and historical disparities in hazardous waste facility proximity justified
the inclusion of proximity to RCRA facilities as a variable within this study.

3.2.1.4 Proximity to RMP Sites

Proximity to Risk Management Plan (RMP) sites is measured as the distance weighted
count of all RMP sites within five km of each location. This method of measurement is adapted
from the U.S. EPA’s EJSCREEN. Elliott et al. (2004) found that chemical-intensive facilities tend
to be located in counties with larger African-American populations and significant income
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inequality. Chakraborty (2019) found that disabled individuals with hearing and cognitive
difficulties are more likely to reside near RMP facilities. There are currently four RMP sites on
Guam (U.S. EPA, 2018).

The Risk Management Plan (RMP) Rule implements Section 112(r) of the 1990 Clean Air
Act amendments, which requires facilities that use extremely hazardous substances to develop a
Risk Management Plan (U.S. EPA, 2013b). RMP facilities potentially pose a risk to human health
and the environment by releasing toxic pollutants into the air and water. Potential health
implications from pollutant released at RMP sites include behavioral abnormalities, cancer,
genetic mutations, physiological malfunctions (e.g., reproductive impairment, kidney failure),
physical deformations, and congenital disabilities (U.S. EPA, 2013a). Although research indicates
that potential health implications may be present, most literature indicates that further research is
needed to justify causal relationships between RMP proximity and health complications. The
potential health risk associated with community proximity to RMP sites and historical disparities in
RMP site proximity justified the inclusion of proximity to RMP sites as a variable within this study.

3.2.1.5 Impaired Water Bodies

Impaired water bodies are measured within this study based on the count of 303(d)
waterbody impairments within 1500 feet of a location weighted by distance. This method of
measurement is adapted from the OEHHA’s CalEnviroscreen 4.0 (OEHHA, 2021). A waterbody is
considered impaired when pollutants contaminate the water to the degree that water quality
standards are not met. States and territories are required to monitor water bodies under the
Clean Water Act Section 303(d) and submit documentation of impaired or threatened water
bodies to the EPA (Federal Water Pollution Control Act Amendments of 1972, 1972). Reported
impaired and threatened water bodies are often referred to as “303(d) impaired waters”.

Water quality is a vital indicator as communities rely on the aquatic biodiversity,
recreational use, and aquatic habitats of water bodies. Introducing pollutants into a waterway can
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threaten the health and wellbeing of those reliant on the waterbody. In 2002, CalEPA found that
the impairment of water bodies used for substance fishing can cause adverse health impacts in
those consuming fish (CalEPA, 2002). Fedinick et al. (2019), in collaboration with the Natural
Resources Defense Council, cited race as having the most substantial relationship to slow and
ineffective enforcement of the federal drinking water law in U.S. Communities. Shilling et al.
(2010) concluded that minority and low-income communities consumed the most fish from
impaired waters in California. Liévanos (2017) found that low-income African American and
isolated Latino disadvantaged individuals are the strongest demographic determinants of surface
water impairments in California. There are 21 303(d) impaired waterbodies in Guam (U.S. EPA,
2015c)

The EPA states that poor water quality health consequences can include nervous system
damage, organ damage, developmental effects, reproductive effects, and gastrointestinal
illnesses (U.S. EPA, 2021). Academics suggest ingestion of nitrates at or above regulatory levels
are linked to colorectal, bladder, and breast cancer, as well as thyroid disease (Ward et al.,
2018). The potential health risk and historical disparities in exposure to impaired water bodies
justified the inclusion of proximity to impaired water bodies as a variable within this study.

3.2.1.6 Proximity to USTs

Proximity to Underground Storage Tanks (USTs) is measured within this study as the
distance weighted count of Leaking USTs (LUSTs) (multiplied by a factor of 7.7) and the number
of USTs within 1,500 ft of a location. LUSTs are multiplied by a factor of 7.7 to account for the
higher pollution burden of these locations. This methodology of measurement modifies the
methods in U.S. EPA’s EJSCREEN. USTs and LUSTs have been used in academic studies to
indicate potential groundwater threats (OEHHA, 2021; U.S. EPA, 2014). Regulatory agencies
have found that LUSTs are common sources of gasoline and diesel fuels, chlorinated solvents
and volatile organic compounds (VOCs), heavy metals, polychlorinated biphenyls (PCBs), and
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insecticides groundwater pollution (SWRCB, 2012; U.S. EPA, 2014f). There are 134 USTs
located in Guam (U.S. EPA, 2020).

Exposure to LUSTs has been found to have a positive relationship with lower socioeconomic status. Wilson et al. (2013) found that proximity to LUSTs positively correlates with
persons with less than high school education, African Americans, and Whites in poverty. Guignet
et al. (2016) found that household values depreciate by three to six percent based on proximity to
LUSTs, placing those with the lowest purchasing power closest to LUSTs. Academic studies note
potential health risks associated with exposure to underground storage pollutants, including an
increased probability of low birth weight and pre-term births by seven to eight percent (Marcus,
2021) and an increased risk of leukemia (Talbott et al., 2011). The EPA currently tracks the
potential health risk associated with USTs. Prior documented disparities in exposures to LUSTs
justified the inclusion of proximity to USTs as a variable within this study.

3.2.2 Climate

The indicators discussed below make up the publicly available climate datasets from the
U.S. Census and FEMA.

3.2.2.1 Without Air Conditioning

Households without air conditioning was selected as an indicator due to the consistently
rising temperatures on the island of Guam (Grecni et al., 2020). Approximately 5,500 households
reported not having home air conditioning in the 2010 Census of Guam (U.S. Census Bureau,
2010). Heat, due to increasing global temperatures, negatively impacts human health and is
particularly problematic in tropical and subtropical climates, such as Guam (Davis et al., 2003;
Forzieri et al., 2017; Gasparrini et al., 2015; Kjellstrom et al., 2009; Lundgren-Kownacki et al.,
2018).
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The urban heat island effect, a heat accumulation phenomenon that occurs when cities
replace the natural land cover with dense concentrations of pavement, buildings, and other
surfaces that absorb and retain heat, is recognized as the most evident characteristic of climate
change (U.S. EPA, 2015; Voelkel et al., 2018; Yang et al., 2016). According to the World Bank, in
2017, 95% of the total population of Guam lived in an urban environment, making these
communities extremely vulnerable to urban heat (World Bank, 2017). Heat events are expected
to become more intense and frequent as climate change progresses, though we have limited
understanding of the impact such events have on vulnerable populations at a neighborhood or
census block group level (U.S. EPA, 2014a; Voelkel et al., 2018).

Certain social classes are at greater risk of being more distressed by weather-related
hazards than others. For example, elderly people and those with diseases have less capacity for
thermoregulation and are thus at higher risk of weather-related distress (Barnett, 2007). Also,
poor populations face a higher risk of distress as they have less access to technological means of
mitigation, such as air conditioning (Barnett, 2007; Forzieri et al., 2017). Air conditioning is viewed
as an effective solution to reduce stress brought on by heat and protect from overall heat
exposure by providing indoor thermal comfort in the hopes of avoiding heat-related health
problems (Anderson & Bell, 2009; Barnett, 2007; Bouchama et al., 2007; Davis et al., 2003;
Lundgren-Kownacki et al., 2018; Semenza et al., 1996; Weisskopf et al., 2002). The potential
health risk associated with households without air conditioning and the dangers that high heat
exposure can bring to communities justifies the inclusion of households without air conditioning
as an indicator in this study.

3.2.2.2 Communication Gap

This study measures communication gap as the number of households without phone
service, home computers, or internet service. A total of 31,774 occupied households reported not
having a home computer in 2010 (U.S. Census Bureau, 2010). Phones, computers, and internet
access provide means of communicating with others and information for personal and social
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development. Public access to information can increase public consciousness, improve
environmental and climate education, and enhance public engagement (Verestiuc & Tucaliuc,
2015). Access to environmental information, such as the Toxics Release Inventory (TRI), has
been shown to be effective in raising awareness about and reducing toxic chemicals (National
Academies of Engineering, 2001). Millions of people still rely on public computers and public
internet access venues as a means of staying connected and updated; however, these resources
are not always available or reliable (Kelley, 2013). The potential safety risk associated with
households not having access to phone service, a home computer, or internet service justifies the
inclusion of communication gap as an indicator in this study.

3.2.2.3 Access to Battery Powered Radio

The number of households without access to a battery powered radio was chosen as an
indicator as radio broadcasts can provide real-time information when there is no electricity (The
Importance of Radio in the 21st Century, 2011). A total of 10,685 households reported not having
a battery powered radio in 2010 (U.S. Census Bureau, 2010). Due to its location at the southern
end of the Mariana Islands chain, Guam is exposed to substantial typhoon risk (Guam Power
Authority, n.d.). Typhoons, tropical storms, and tropical cyclones can bring intense winds,
torrential rainfall, high waves, and storm surges to islands near their path (Grecni et al., 2020).
Typhoons in this area pose a threat year-round but are most frequent between June and
December (Guam Power Authority, n.d.). There is scientific consensus that tropical cyclone
intensity is likely to increase in a warmer climate for most regions, including around Guam (Grecni
et al., 2020; Knutson et al., 2015; Wuebbles et al., 2017).

The Guam Army National Guard recently upgraded its communication system to
withstand constant battering by typhoons. Historically, these destructive natural disasters have
crippled the island Guard’s communication ability (Pacific Island Prepares Communications to
Withstand Nature’s Wrath, 2005). If the Guam Army National Guard is at a total loss when hit by
a natural disaster, the danger and lack of resource options for an average family household can
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only be imagined. Due to the frequent strong and tropical storms in Guam, the potential public
safety risk associated with households lacking access to a battery-powered radio justifies the
inclusion of this indicator in this study.

3.2.2.4 Flood Risk

The percentage of the area exposed to flood risk was selected based on the severity as a
climate-related threat (IPCC, 2014) and local concern (Aguon, 2021; Fruean, 2021). With
approximately 244 km of coastline, communities throughout Guam are at a high risk of coastalflood-related threats (Dobson et al., 2021). Sea level rise and increased heavy rainfall can lead to
an increased potential for flooding (Grecni et al., 2020; Guam Hazard Mitigation Plan - Western
States Seismic Policy Council, 2014). While Guam features a mountainous topography, most of
the population is concentrated in the lower-lying coastal regions of the island (Sea Level Rise
Projection Map - Guam, 2020).

Sea level rise poses one of the most widely recognized climate change threats to lowlying coastal areas, which is particularly dangerous in small islands, such as Guam, where, as
previously stated, a vast majority of communities reside in coastal zones, as seen below in Figure
3-1 (IPCC, 2014; Woodroffe, 2008). Guam’s tide gauge for measuring long-term sea level trends
recorded an average rise of 0.13 inches (3.4 mm) per year since 1993 (Grecni et al., 2020;
NOAA, 2020). Based on the projected sea-level rise, The Pacific Islands Climate Adaptation
Science Center expects approximately three feet of sea-level rise by the end of this century,
putting low-lying communities at a high risk (King et al., 2019).

Average daily and annual rainfall are near the long-term average values, with no
statistically significant change from the 1950s to the present. However, Guam is projected to
experience more frequent extreme rainfall events annually (IPCC, 2013; Zhang et al., 2016).
These increased heavy rainfall events will increase the potential for flooding (Grecni et al., 2020).
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The potential safety risk associated with flood risk due to projected sea-level rise and increased
extreme rainfall events in Guam justify the use of flood risk as an indicator in this study.

Figure 3-1: Communities and infrastructure residing along the coastline of Guam (Guam Visitors
Bureau, n.d.)
3.2.2.5 Structural Vulnerability

The number of households that lack exterior concrete structures was selected based on
local concern (IPCC, 2014) and its use in similar environmental justice screening tools (Paulino et
al., 2021). Guam lies within a region that faces a substantial risk of typhoons and sea level rise
(Dobson et al., 2021; Guam Power Authority, n.d.). Wooden and metal housing structures are at
a high risk of destruction from the strong winds and heavy rainfall associated with tropical storms
(Paulino et al., 2021; Grecni et al., 2020). According to the Guam Coastal Management Program
(2021), their GIS sea level rise projections resulted in estimates of 58% of total infrastructure
impacted by a three-ft sea level rise, 74% impacted by a five-ft sea level rise, and 84% impacted
by a 10-ft sea level rise.

Naseem Ghandour, an engineering commander at Andersen Air Force Base, stated that,
concrete construction provides a strong and durable building material that can withstand Guam’s
high seismic and wind loads, and it is also naturally more resilient to corrosion that could be
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brought on by the island's high humidity levels (Wilson, 2014). The potential safety risk
associated with increases in tropical storms and sea level rise justifies the use of structural
vulnerability as an indicator in this study.

3.2.3 Social & Demographic

The indicators discussed below make up the publicly available socio-economic datasets.
This data was retrieved from the 2010 U.S. Census (U.S. Census Bureau, 2010).

3.2.3.1 Education

This study uses the definition of education provided by the U.S. EPA in the EJSCREEN
technical documentation - The number of people age 25 or older in a CDP or municipality whose
education is short of a high school diploma. Approximately 21% of Guam residents, age 25 or
older, do not have a GED (U.S. Census Bureau, 2010). Academic and regulatory literature
identifies a persistent association between education and health (Cutler & Lleras-Muney, 2006;
OEHHA, 2021). The four main categories impacted by having less than a high school diploma are
economical, health-behavioral, social-psychological, and access to health care (Zajacova &
Lawrence, 2018). Generally, higher education tends to allow for more stable, better-paying jobs,
allowing families to live a more affluent lifestyle and invest in their health (Mirowsky & Ross,
2005). Individuals without a high school education appear to be at a higher risk of mortality
associated with environmental and climate hazards than those with a high school education
(Chappell, 2018; EPA, 2021; Failey, 2016). Individuals with less than a high school education
have an overall increased susceptibility to health risks, as those with this level of educational
attainment are far less likely to have health insurance (Martinez, 2012).

The exact ways in which lower educational attainment has the potential to decrease
health status are not completely understood by researchers (Zajacova & Lawrence, 2018).
However, such factors could include economic hardship, stress, fewer occupational opportunities,
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lack of social support, and reduced access to health-protective resources (OEHHA, 2021). The
increased vulnerability to health risks justifies the use of education as an indicator in this study.

3.2.3.2 Linguistic Isolation

In this study, linguistic isolation is measured as the number of people in a CDP or
municipality group living in linguistically isolated households. Approximately 42% of the
population in Guam live in a household that speaks a language other than English (U.S. Census
Bureau, 2010). A household in which all members aged five and over speak other languages
more frequently than English or do not speak English is linguistically isolated. Though Chamorro
is the native language of Guam, the EPA primarily publishes documentation and communicates in
English. Due to the primary dispersal of environmental regulatory information being in English,
linguistic isolation was calculated based on a household’s ability to speak English.

Language is often merely seen as a mode of communication, but in certain instances,
having the ability to connect with others can be a matter of life and death. During natural
disasters, lacking effective communication skills can be detrimental for households and entire
communities. In the U.S., those with limited English proficiency disproportionately experience
gaps in health care, such as overall access and insurance coverage (Foiles Sifuentes et al.,
2020; Lu & Myerson, 2020).

Linguistic isolation drastically lowers public participation in surveys and community input
opportunities, diminishing the ability to partake in decision-making processes (Link et al., 2005).
Access to public information is essential when seeking community involvement; however, in many
instances, web-based tools and information do not have translation capabilities and can therefore
not be understood by someone who is linguistically isolated (Allen et al., 2020). The increased
vulnerability to health risks and lack of ability to partake in public decision-making processes
associated with non-English dominant speakers justify the use of linguistic isolation as an
indicator in this study.
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3.2.3.3 Unemployment

In this study, unemployment is measured by the number or percent of people age 16 or
older in a CDP or municipality who are unemployed. Approximately five percent of the population
in Guam was unemployed in 2010 (U.S. Census Bureau, 2010). Given that low socio-economic
status often goes together with high unemployment, the rate of unemployment is a factor often
used in describing disadvantaged communities (OEHHA, 2021). Unemployment can cause
increased levels of stress, which may then lead to poor health, increased susceptibility to toxic
effects of pollution, and reduced capacity to cope and recover from the adverse effect of
environmental exposures (DeFur et al., 2007; OEHHA, 2021; K. I. Paul & Moser, 2009). The
unemployed also often lack the resources, such as health insurance, to seek care for health
conditions while they are still treatable, which leads to worse health outcomes, including
outcomes caused by environmental pollutants (Lu & Myerson, 2020).

Past research and literature have linked long-term unemployment to higher rates of
poverty and closer proximity to environmental and climate hazards that could pose long-term
health risks (American Lung Association, 2020; International Labor Organization, 2018; Katz,
2012; Pratap et al., 2021). The increased vulnerability to health risks justifies the use of
unemployment as an indicator in this study.

3.2.3.4 Poverty

This study uses the definition of poverty provided by the U.S. EPA in the EJSCREEN
technical documentation - The number of a block group’s 2 population in households where the
household income is less than or equal to twice the federal poverty level. Approximately 22% of
the population in Guam was below the federal poverty level in 2010 (U.S. Census Bureau, 2010).

2

A block group is a subdivision of a census tract and contains a cluster of blocks. Block groups
usually have between 600 and 3,000 people. A census block is the smallest geographic census
unit. (U.S. Census Bureau, 2022)
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Poverty is often used within academic literature as a social determinant of health. Numerous
studies provide evidence that individuals with very low-income or poverty face increased
morbidity, health complications, and exposure to environmental risk. Braveman et al., (2010)
found that individuals with the lowest income and lowest education were consistently the least
healthy. Kawachi et al. (1997) studied morbidity rates of communities at varying degrees of socioeconomic status and found that income inequality was associated with total mortality, as well as
rates of death from coronary heart disease, malignant neoplasms, and infant mortality. Similarly,
Kaplan et al. (1996), in studying income and morality, found that total household income in the
lowest 50th percentile was directly associated with all-cause mortality nationally in the U.S. The
association of income with morality suggests that low-income communities are at greater of
health risk associated with environmental exposures.

Previous research has also highlighted linkages between income and environmental
exposure. Evans and Kantrowitz (2002), in a study on socio-economic status and health risk,
found that environmental risks are not randomly distributed in the population but instead inversely
correlated to income. Evans and Marcynyszyn (2004) came to similar conclusions during a study
of environmental justice and the health of low- and middle-income youth in New York. The study
concluded that cumulative environmental risk exposure among low-income families might
contribute to bad health, beginning in early childhood. Additionally, poverty increases the
propensity for individuals and households to be harmed by climatic shocks and stresses
(Leichenko & Silva, 2014).

Historic linkages between poverty and health vulnerabilities and poverty and
environmental exposure indicate that low-income communities are more vulnerable to health risks
posed by environmental hazards (Evans & Kantrowitz, 2002a; Evans & Marcynyszyn, 2004;
Kaplan et al., 1996). The increased vulnerability of low-income communities warrants the
inclusion of poverty as a socio-demographic parameter within this study.
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3.2.3.5 Minority

Previous environmental justice analysis methods define minority as any individual who
lists their race as other than White or ethnicity as Hispanic or Latino (OEHHA, 2021; U.S. EPA,
2014). Due to the unique ethnic composition within the U.S. Territory of Guam, we adopted the
definition of minority utilized by Paulino et al. (2021), which defines minority in Guam as an
ethnicity other than Chamorro, Filipino, and White, which are the three dominate ethnicities within
Guam. Approximately 48% of the population in Guam falls within this definition (U.S. Census
Bureau, 2010).

Environmental justice scholars have found that minority communities face more
significant environmental burdens and climate vulnerability than their non-minority counterparts
(Banzhaf et al., 2019; Bullard, 2018; Liévanos, 2018; Mikati et al., 2018; Mohai et al., 2009;
United Church of Christ & Commission for Racial Justice, 1987). Increased vulnerability and
historical disparities of the environmental burden of minority communities justifies the inclusion of
minority as an indicator within the tool.

3.2.3.6 Age (Under Age 5 & Over age 65)
Age vulnerability is quantified within this study using two indicators – Under the Age of 5
and Over the Age of 65. Approximately nine percent of the population in Guam is below the Age
of 5, while seven percent of the population in Guam is over the age of 65 (U.S. Census Bureau,
2010). Children (individuals under the age of five) and the elderly (individuals over 65) are at a
heightened risk of adverse health implications from environmental exposures. Due to their stilldeveloping physical, physiological, and cognitive functions, children are at heightened
vulnerability to environmental and climate risk. Exposure to pollutants during “windows of
vulnerability” (periods in which children are still growing and developing organs) can adversely
impact childhood development (Etzel, 2020). For example, lead exposure during stages of early
brain development can influence the likelihood of lower IQ, attention-deficit hyperactivity disorder
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(ADHD), and educational performance in children (Braun et al., 2006; Chen et al., 2007; Jacobs
et al., 2002). The psychological impacts of climate change can, put children at heightened risk of
mental health consequences such as PTSD, depression, anxiety, phobias, sleep disorders,
attachment disorders, and substance abuse (Burke et al., 2018).

Academic literature has also found that older populations face increased vulnerability
due to a greater risk of heat-related mortality (Basu, 2009; Stafoggia et al., 2006; Zanobetti &
Schwartz, 2008) and are more sensitive to environmental and climate exposures because of
deterioration in their physiological, biochemical, and immunological bodily functions (Hong, 2013).
The vulnerability of children and elderly populations to environmental and climate-related risk
justifies the inclusion of Under the Age of 5 and Over the Age of 65 within this study.
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3.3 Identification of Data Sources

Table 2 outlines the data source for each selected priority environmental, climate, and social indicator previously discussed in 3.3

Table 3-2: Indicators and data used for each environmental, climate, and social variable.

Variable

Indicator

Data Used

Date

Source

Education

The percent of people age 25 or older whose education is short of
a high school diploma.

Census of Population
and Housing

2010

U.S. Census
Bureau

Linguistic
Isolation

The percent of people living in linguistically isolated households. A
household in which all members age 5 years and over speak other
languages more frequently than English or do not speak English.

Census of Population
and Housing

2010

U.S. Census
Bureau

Unemployment

The number or percent of people age 16 or older who are
unemployed.

Census of Population
and Housing

2010

U.S. Census
Bureau

Poverty

Percentage of population for whom poverty status is determined
with income in 2009 below poverty level in each location

Census of Population
and Housing

2010

U.S. Census
Bureau

Minority

The number of individuals in a CDP or municipality group who list
their race anything other than Chamorro, White, Filipino, the three
dominant ethnic groups in Guam.

Census of Population
and Housing

2010

U.S. Census
Bureau
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Variable

Indicator

Data Used

Date

Source

Age
Vulnerability
(>5 or <65)

Sex by age under 5 and age over 65 years old in each location.

Census of Population
and Housing

2010

U.S. Census
Bureau

Lead Exposure

The percentage of occupied housing units built before 1960 was
selected as an indicator of the likelihood of having significant leadbased paint hazards in the home.

Census of Population
and Housing

2010

U.S. Census
Bureau

Proximity to
NPL Sites

Proximity to sites proposed and listed on the National Priorities
List (NPL) within 5 km.

Superfund: NPL Sites
for Guam

2010

U.S. EPA

Proximity to
RMP

The proximity of all commercial RMP facilities within 5 km

RMP List for Guam

2010

U.S. EPA

Proximity to
RCRA Sites

The proximity of all commercial RCRA facilities within 5 km.

RCRA Info: Site
listing for Guam

2010

U.S. EPA

Impaired
Waterbodies

Proximity to impaired waterbody within 1500 ft.

303d List of Impaired
Waterbodies

2010

U.S. EPA

Structural
Vulnerability

The number or percent of households in a location without exterior
concrete structures.

Census of Population
and Housing

2010

U.S. Census
Bureau
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Variable

Indicator

Data Used

Date

Source

Flood Risk

Percent of a location exposed to flood risk.

National Flood
Hazard Layer (NFHL)

2010

FEMA

Communication
Gap

The number or percent of households without telephone service,
home computer, or internet service

Census of Population
and Housing

2010

U.S. Census
Bureau

Without Air
Conditioning

The number or percent of households in a location without air
conditioning.

Census of Population
and Housing

2010

U.S. Census
Bureau

2010

U.S. Census
Bureau

Access to
Battery
Powered Radio

Number or precent of households without battery powered radio.
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Census of Population
and Housing

3.4 Geographic Unit of Analysis

In 2010, Guam, officially the U.S. Territory of Guam, had a population of 159,358
individuals and a land area of 540 km2 (210 sq mi) (U.S. Census Bureau, 2010). The island
territory has 20 municipalities (Figure 3-2) ranging in size from 0.89 sq mi (2.3 km2) to 35.61 sq
mi (92.2 km2) and 57 Census Designated Places (CDP) (Figure 3-3) (U.S. Census Bureau,
2010). The CDP is the finest unit for which data is available; however, as seen in Figure 3-3, the
CDP does not include the entire land area of Guam. To maintain the small unit of analysis and
ensure the inclusion of all populated land areas, an adjusted municipality-CDP boundary map is
calculated (Figure 3-4) by subtracting the CDP boundaries from the Municipality boundaries. The
final unit of analysis for which location data is analyzed in this study is then calculated by
removing Department of Defense open space (Figure 3-5) from the Adjusted Municipality-CDP
boundaries. The final unit of analysis is shown in Figure 3-6, which is analyzed with the chosen
sociodemographic, environmental, and climate indicators.
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Figure 3-2: Guam municipalities
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Figure 3-3: Guam Census Designated Places (CDPs)
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Figure 3-4: Adjusted CDP-Municipality Boundaries. Calculated by subtracting CDP boundaries
(Figure 3-2) from municipality boundaries (Figure 3-1).
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Figure 3-5: Guam Department of Defense Open Space.
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Figure 3-6: Final Unit of Analysis. Calculated by removing DOD Open Space (Figure 3-4) from
CDP-Municipality Adjusted Boundaries (Figure 3-3).
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3.4.1 Calculation and Normalization of Data

Data processing is conducted using Microsoft Excel (2007) and ESRI ArcGIS Pro
(ArcGIS Pro (Version 2.5), 2020). Indicators are processed for each location as described in
3.4.1.1 and 3.4.1.2.

3.4.1.1 Social & Demographic

Socio-economic indicators are calculated for each location using Microsoft Excel. Data
(education, linguistic isolation, unemployment, poverty, income, minority, and age vulnerability) is
gathered from the 2010 U.S. Census Bureau Survey. To accurately reflect the surveyed values
for each geographic unit of analysis (Figure 3-6), CDP values collected from the Census are
subtracted from the total values of the municipality the CDPs are located within (see Appendix B
for calculations). The municipality value is used if a CDP is not located within a municipality. This
processing adjusts the Census data to reflect the locations in each final geographic unit of
analysis (Figure 3-6). The adjusted Municipality-CDP values are then used to calculate an
indicator value using the Count Method (Eq. 1). This approach provides a final indicator value that
reflects the percent of households or percent population potentially impacted in each location.

3.4.1.2 Environmental & Climate

This study calculates environmental and climate indicators using ESRI ArcGIS Pro and
Microsoft Excel ®. Each variable is mapped as a shapefile based on the data type (Polygon:
Impaired Waters; or Point: RMP Sites, TSDFs Sites, and NPL Sites). Lead exposure, structural
vulnerability, and air conditioning are calculated in Excel as they were gathered from the 2010
Census. The environmental and climate indicators are calculated based on the exposure type
(proximity, coverage, or count).

Variables measured using the Proximity Method (Eq. 2) (TSDFs, NPL, RMP sites, and
impaired water bodies) are measured based on the distance weighted sum of each location,
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represented by a point on the map (latitude/longitude coordinate), within five km (1500 ft for
impaired water) of the centroid of each location. The variable measured using the Coverage
Method (Eq. 3) (Flood Risk) is measured as the percent area of each location impacted by the
variable. This allows for the comparison of locations impacted by flood inundation.

Lastly, variables measured using the Count Method (Eq. 4) (AC, Structural Vulnerability,
Communication Gap, and Lead Exposure, Education, Access to Battery Powered Radio) are first
calculated in Excel. This approach allows the visualization of the percentage of households or
percent population impacted in each location.

𝐂𝐎𝐔𝐍𝐓 𝐌𝐄𝐓𝐇𝐎𝐃:

𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑉𝑎𝑙𝑢𝑒 =

% 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
(Eq. 1)

*Households used for lead exposure

𝐂𝐎𝐕𝐄𝐑𝐀𝐆𝐄 𝐌𝐄𝐓𝐇𝐎𝐃:

𝐃𝐈𝐒𝐓𝐀𝐍𝐂𝐄 𝐌𝐄𝐓𝐇𝐎𝐃:

𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑉𝑎𝑙𝑢𝑒 =

𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑉𝑎𝑙𝑢𝑒 =

𝐼𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎
𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎

(Eq. 2)

1
𝑆𝑢𝑚 𝑜𝑓 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑃𝑜𝑖𝑛𝑡𝑠
(Eq. 3)
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3.5 Conversion of each Indicator into Percentile Rankings

Percentile rankings are generated for each location based on the normalized indicator
values. The PERCENTRANK.EXC function is used in Excel to rank each value from 0 – 100.
Percentiles are chosen to best visualize the burden distribution within the study area. Percentiles
represent present conditions for a location better than the raw values because even if
environmental or climate hazards shift over time, the differences between various locations are
unlikely to have changed as drastically (U.S. EPA, 2014).

3.6 Mapping

Mapping is conducted in ArcGIS Pro 10.2. Each indicator is mapped by first extracting
boundaries for each location as polygons from the Final Unit of Analysis (Figure 3-6) and then
joining the calculated percentile rank (see Section 3.5) to the correlated location using the Join
Tool in ArcGIS Pro. Once joined, the indicator can be visualized as a map based on the
percentile ranking of each indicator, with each percentile rank differentiated by color. Percentiles
at or above the 95th percentile are shown in red, 90th to 95th percentile shown in orange, 80th to
90th percentile in yellow and a decreasing gray gradient is used for percentiles below the 80 th
percentile.

3.7 Calculation of Statistical Correlation

The correlation between environmental, climate, and social vulnerability scores are
assessed using the GGally package and ggpairs function with the Spearman’s correlation test in
R (R Core Team, 2022). The Spearman’s rank correlation coefficient is a distribution-free
correlation statistic that measures the strength of association between two rank-ordered variables
(Frey, 2018; Hauke & Kossowski, 2011). Spearman’s correlation assesses how well a random
monotonic function can describe a relationship between two variables, while no assumptions
about the frequency distribution of the variables are made (Hauke & Kossowski, 2011).
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This study aims to calculate the statistical correlation between environmental/climate
hazards and socio-economic status. Two parameters were compared simultaneously, making
Spearman’s correlation test the best fit. Statistical correlation analysis allows researchers to
examine whether there is an association between two or more observed variables and estimate
the strength of the relationship between each. Using statistical analysis in environmental justice
research aids in understanding the distribution of the burden.

3.8 Limitations

The results of this study are intended to act as a pre-decisional mapping tool. The results
are not designed to be the basis for agency decision-making or determinations regarding the
existence or absence of environmental justice concerns. The results should not be used to
identify or label an area as an “EJ community.” Instead, this mapping tool is designed to act as a
starting point to highlight which specific communities may need further review. This study’s initial
results should be enhanced with additional information and local knowledge to get a complete
picture of an area. Additional considerations and data, such as national, regional, or local
information and concerns, along with appropriate analysis, should also be used when forming the
basis for any decisions. In this study, a relatively high percentile result means the value is
relatively uncommon; however, a high percentile is not necessarily a real concern from a health
or legal perspective. Understanding the implications of any screening results requires looking at
the actual data and the indicator and looking at other relevant data if available. As a mapping tool,
the methodology of this study is most limited in two keyways. First, it has data on only some of
the relevant issues, and second, there is uncertainty in the data that is included. It is essential to
understand each of these limitations (U.S. EPA, 2014b). The limitations of this study are further
discussed in Section 5.3.
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Chapter 4
RESULTS3

The following chapter outlines the main results of this study, which aim to achieve two
objectives: (1) Spatially mapping relevant demographic, environmental, and climate data, and (2)
determining the correlation, if any, between the exposure to environmental hazards or climate
vulnerability and socio-economic status of populations within the U.S. Territory of Guam.
Individuals and decision-makers can use these results to better understand and mitigate
environmental justice issues in Guam. As with any results, it is essential to acknowledge the
study's limitations, which are discussed in Section 3.8 and Section 5.3. The statistical analysis
utilized in this section generated an output of positive correlations, meaning both indicators move
in tandem, and negative correlations, meaning as one indicator increases, the other decreases.
Throughout this section correlation relationships range from weak to strong correlation, with
ranges as follows: weak = 0.25-0.399, moderate = 0.40-0.599, strong = 0.60-0.70 (Akoglu, 2018).

4.1 Socio-economic Indicators Results
The mapped results of all socio-economic indicators above the 80th percentile, which this
study considers “significant” and warrants further environmental justice consideration, are
illustrated in Figure 4-1. The concentration of the greatest perceived cumulative socio-economic
vulnerability (four or more social indicators above the 80th percentile) was in Afame CDP, Agat, Y
Sengsong CDP, Chaguin CDP, and Ukudu CDP (see Figure 4-2). The wide geographic
distribution of socio-economic indicators, as shown in Figure 4-1, is likely a result of the variability
in the 2010 Census metrics. Given that there are multiple parameters being measured using
census data and each parameter is used to proxy a socio-economic condition, only some
parameters will overlap in location resulting in wide distribution. Despite the wide distribution,

3

This section was completed collaboratively by Benjamin Rocha and Sina Schwenk-Mueller.
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Poverty and Linguistic Isolation, Under Age 5 and Unemployment, and Education and
Unemployment each shared a significant and moderate positive correlation with one another.

Along with these relationships, there were also three weak positive relationships between
Poverty and Unemployment, Under Age 5 and Education, and Education and Poverty. Along with
the positively correlated pairs, one relationship with negative correlation was generated (Age less
than five and Age greater than 65). This relationship had a weak correlation with a p-value
showing significance (p = 0.010). The significant (p < 0.001) relationships listed previously are
shown in Table 4-1. The correlations between socio-economic indicators illustrate the
compounding socio-economic vulnerability locations face within Guam.

Individual households and communities often face multiple vulnerabilities from more than
one measured socio-economic indicator. Figure 4-2 illustrates the multitude of specific burdens
faced by each location. In all analyzed areas where the minority indicator was above the 80th
percentile, at least one other indicator was also above the 80th percentile. These results show that
minority populations share a relationship with socio-economic vulnerability in Guam.
Understanding these relationships can shape localized management approaches to overcome
potential community vulnerabilities.
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Table 4-1: Spearman's Correlation of Socio-economic Indicators

Spearman’s Correlation
Socio-economic Indicator

Socio-economic
Indicator

Correlation

r-value

p-value

Under Age 5

Unemployment

Moderate

0.533

< 0.001

Linguistic Isolation

Poverty

Moderate

0.510

< 0.001

Education

Unemployment

Moderate

0.490

< 0.001

Poverty

Unemployment

Weak

0.352

0.002

Under Age 5

Education

Weak

0.269

0.023

Education

Poverty

Weak

0.269

0.023

Under Age 5

Age greater than 65

Weak

-0.303

0.010
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Figure 4-1: Socio-economic Indicators Over the 80th Percentile
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Education

Figure 4-2: Socio-economic Indicators Above the 80th Percentile by Location
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4.2 Environmental Indicator Results
The mapped results of all environmental indicators above the 80 th percentile, which this
study considers “significant” and warrants further environmental justice consideration, are
illustrated in Figure 4-3. As hypothesized, the greatest concentration of environmental hazards
(locations with two or more indicators above the 80 th percentile) was within the most urbanized
regions of Guam. Apotgan CDP, Apra Harbor CDP, and Barrigada had the most significant
number of perceived environmental burdens (four environmental indicators above the 80th
percentile), as shown in Figure 4-4. The greater concentration of environmental indicators above
the 80th percentile in urban landscapes can be attributed to the higher number of pollution
sources from anthropogenic activity in urban areas than in rural ones. Proximity to RCRA had the
clearest concentration in urban areas. Thirteen of the highest cumulative scoring locations
included Proximity to RCRA, Distribution of the Proximity to RCRA, UST, RMP, and Impaired
Waterbodies which each had moderate correlation and significant p-values (rs of 0.40 – 0.59, p <
0.05) to one another. These relationships further illustrate that these environmental risk indicators
tended to be distributed near one another and contribute to the higher cumulative scores in the
urban areas.

Several environmental indicators had statistically significant correlations with one
another, as seen in Table 4-2. The statistical analysis generated three positive moderate
correlation relationships (Proximity to RCRA Sites and Proximity to RMP Sites; Proximity to
RCRA and Proximity to USTs; Impaired Waterbodies and Proximity to RCRA Sites) and three
positive weak correlation relationships (Impaired Waterbodies and Proximity to RMP Sites;
Proximity to RMP Sites and Proximity to USTs; Household Lead and Proximity to RCRA Sites).

Though rural locations had lower cumulative environmental risk scores, with most having
no or only one environmental indicator scoring above the 80th percentile, the distribution of
indicators within these locations was mixed (see Figure 4-3). The count of locations with
household lead exposure above the 80 th percentile was highest (seven total) in locations with only
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one indicator above the 80th percentile (see Figure 4-4). It can be concluded that the rural
communities had similar exposures to household lead paint as urban areas in Guam. The mixed
distribution of environmental indicators across locations highlights the importance of localized
environmental management tailored to address the specific issue affecting a
community.

These results show that the distribution of environmental exposures is unequal across
communities as a few locations have a higher cumulative count than others. Further studies could
provide additional evidence regarding the environmental risks and “ground-truth” these results.

Table 4-2: Spearman's Correlation of Environmental Indicators

Spearman’s Correlation
Environmental Indicator

Environmental Indicator

Correlation

Proximity to RCRA Sites

Proximity to RMP Sites

Moderate

0.523

< 0.001

Proximity to RCRA Sites

Proximity to USTs

Moderate

0.511

< 0.001

Impaired Waterbodies

Proximity to RCRA Sites

Moderate

0.401

< 0.001

Impaired Waterbodies

Proximity to RMP Sites

Weak

0.305

0.009

Proximity to RMP Sites

Proximity to USTs

Weak

0.298

0.011

Household Lead

Proximity to RCRA Sites

Weak

0.254

0.032
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r-value

p-value

Figure 4-3: Environmental Indicators Over the 80th Percentile
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Figure 4-4: Environmental Indicators Above the 80th Percentile by Location
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4.2.1 Socio-economic and Environmental Correlation

The second primary objective was to determine the correlation between socio-economic
and environmental indicators. Spearman’s Correlation analysis of socio-economic and
environmental indicators, shown in Table 4-3, returned the following significant (p < 0.05)
relationships - one positive moderate relationship (Minority and Proximity to RCRA Sites) and
three positive weak relationships (Minority and Lead; Linguistic Isolation and Proximity to RCRA
Sites; and Linguistic Isolation and Proximity to UST). The statistical analysis also generated
seven negative weak correlations (Age less than five and Proximity to RCRA Sites, Education
and Impaired Waterbodies, Education and Proximity to RCRA Sites, Unemployment and
Proximity to RCRA Sites, Unemployment and Impaired Waterbodies, Poverty and Household
Lead, Education and Proximity to RMP).

The significant (p < 0.001) correlation between Minority and Proximity to RCRA Sites
supports prior environmental justice findings the minorities are more likely to be in the proximity to
hazardous waste. Though weak relationships, Minority and Lead; Linguistic Isolation and
Proximity to RCRA Sites; and Proximity to UST all had p-values (p < 0.05) that showed
significance, as shown in Table 4-3. The correlation between these vulnerabilities and
environmental indicators illustrates potential inequities of environmental burdens within the area.

Figure 4-5 shows the distribution of each socio-economic and environmental indicator
above the 80th percentile for locations. The variability in which indicators a community scores
above the 80th percentile presents a level of complexity that can best be overcome with localized
approaches that can address the potential issues of environmental justice. Environmental
managers, academics, and the community can use these findings to understand issues of
environmental justice within Guam better and develop management approaches that recognize
observed vulnerabilities.

67

Table 4-3: Spearman's Correlation Results of Socio-economic and Environmental Indicators

Spearman’s Correlation
Socio-economic Indicator

Environmental Indicator

Correlation

Minority

Proximity to RCRA Sites

Moderate

0.508

< 0.001

Linguistic Isolation

Proximity to USTs

Weak

0.397

< 0.001

Linguistic Isolation

Proximity to RCRA Sites

Weak

0.339

0.004

Minority

Household Lead

Weak

0.263

0.030

Under Age 5

Proximity to RCRA Sites

Weak

-0.353

0.002

Education

Impaired Waterbodies

Weak

-0.303

0.010

Education

Proximity to RCRA Sites

Weak

-0.291

0.014

Unemployment

Proximity to RCRA Sites

Weak

-0.265

0.025

Unemployment

Impaired Waterbodies

Weak

-0.264

0.026

Poverty

Household Lead

Weak

-0.259

0.030

Education

Proximity to RMP Sites

Weak

-0.254

0.032
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r-value

p-value

Education

Figure 4-5: Socio-economic and Environmental Indicators Above the 80th Percentile by Location
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4.3 Climate Indicators Results

The mapped results of all climate indicators above the 80th percentile, which this study
considers “significant” and warrants further environmental justice consideration, are illustrated in
Figure 4-6. As seen in this figure, the locations most vulnerable to climate hazards are the
communities on or near the coastline. Yigo CDP had four climate indicators above the 80th
percentile. At the same time, Agat CDP, Hagana CDP, Sinajana CDP, Tumon CDP, and Y
Sengsong CDP followed closely behind with three climate indicators above the 80th percentile
(see Figure 4-7). These census-designated places have a perceived higher risk due to their
geographic location. The locations all lie along the coast of Guam, making them susceptible to
rising sea levels and flooding.

As seen in Figure 4-7, each location that has without air conditioning as an indicator
above the 80th percentile has at least one other indicator that is also above the 80th percentile.
Structural vulnerability and without air conditioning had moderate correlation and significant pvalues (rs of 0.40 – 0.59, p <0.05) with one another. This relationship supports the claims that
climate risk indicators tend to be distributed near one another, contributing to the higher
cumulative scores in the areas near the coast.

Several climate indicators had statistically significant correlations with one another, as
seen in Table 4-4. The statistical analysis generated one positive moderate correlation (Structural
Vulnerability and Without Air Conditioning), one negative strong correlation (Without Air
Conditioning and Communication Gap), one negative moderate correlation (Structural
Vulnerability and Communication Gap), and one negative weak correlation (Structural
Vulnerability and Access to Battery Powered Radio).

These results show that the distribution of climate exposure to climate risks is not
equitable across all communities, as a few locations have a higher cumulative count than others.
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Further studies could provide additional evidence regarding the climate change risks discussed in
this study and “ground-truth” these results.

Table 4-4: Spearman's Correlation of Climate Indicators

Spearman’s Correlation
Climate Indicator

Climate Indicator

Correlation

Structural Vulnerability

Without Air Conditioning

Moderate

Without Air Conditioning

Communication Gap

Structural Vulnerability
Structural Vulnerability

r-value

p-value

0.581

< 0.001

Strong

- 0.603

< 0.001

Communication Gap

Moderate

- 0.554

< 0.001

Access to Battery
Powered Radio

Weak

- 0.270

0.023
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Figure 4-6: Climate Indicators Over the 80th Percentile
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Figure 4-7: Climate Indicators Above the 80th Percentile by Location
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4.3.1 Socio-economic and Climate Correlation

An additional primary objective of this study was to determine the correlation between
socio-economic and climate indicators. Spearman’s Correlation analysis of socio-economic and
climate indicators, shown in Table 4-5, returned the following significant (p < 0.05) relationships four positive moderate relationships (Poverty and Without AC; Education and Structural
Vulnerability; Poverty and Structural Vulnerability; and Linguistic Isolation and Access to Battery
Powered Radio) and four positive weak relationships (Unemployment and Structural Vulnerability;
Education and Without AC; Unemployment and Without AC; and Poverty and Access to Battery
Powered Radio).

The significantly correlated relationships above support prior environmental justice
findings on the higher risk low-income households have when looking at climate vulnerability.
Each moderately correlated relationship has a p-value lower than 0.05, meaning they are
statistically significant. Though weak relationships, the significant correlation (p < 0.001)
correlation between Unemployment and Structural Vulnerability, Education and Without AC,
Unemployment and Without AC, Poverty and Access to Battery Powered Radio, and Minority and
Access to Battery Powered Radio, as seen in Table 4-5, illustrate potential inequities of climate
burdens within these areas.

In addition to positive correlation, negative correlation was observed between socioeconomic and climate indicators. The statistical analysis returned one negative strong
relationship (Poverty and Communication Gap), one negative moderate relationship (Education
and Communication Gap), and three negative weak relationships (Linguistic Isolation and
Communication Gap; Minority and Structural Vulnerability; and Unemployment and
Communication Gap). While these indicators may have a statistically significant correlation, it
does not necessarily imply that the instance of one has any influence on the other. The observed
negative correlations may not be causal and can exist for several reasons or pure coincidence.
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As seen below in Figure 4-8, Yigo CDP, Agat CDP, Y Sengsong CDP, Chaguian CDP,
and Ukudu CDP are the five locations that have seven socio-economic and climate indicators
above the 80th percentile. Environmental scientists, climate adaptation experts, academics, and
the community can use these findings to understand environmental justice issues within Guam
better, recognize locations that may be more at risk of impact, and develop management and
adaptation approaches that account for the observed vulnerabilities.

Table 4-5: Spearman's Correlation Results of Climate and Socio-economic Indicators

Spearman’s Correlation
Socio-economic
Indicator

Climate Indicator

Correlation

Poverty

Without Air Conditioning

Moderate

0.591

< 0.001

Linguistic Isolation

Access to Battery
Powered Radio

Moderate

0.556

< 0.001

Education

Structural Vulnerability

Moderate

0.527

< 0.001

Poverty

Structural Vulnerability

Moderate

0.454

< 0.001

Education

Without Air Conditioning

Weak

0.378

0.001

Unemployment

Structural Vulnerability

Weak

0.376

0.001

Unemployment

Without Air Conditioning

Weak

0.350

0.003

Poverty

Access to Battery
Powered Radio

Weak

0.344

0.003

Poverty

Communication Gap

Strong

- 0.651

< 0.001

Education

Communication Gap

Moderate

- 0.516

< 0.001

Linguistic Isolation

Communication Gap

Weak

- 0.373

0.001

Minority

Structural Vulnerability

Weak

- 0.269

0.023

Unemployment

Communication Gap

Weak

- 0.253

0.033
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r-value

p-value

Education

Figure 4-8: Socio-economic and Climate Indicators Above the 80th Percentile by Location
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4.4 Environmental and Climate Correlation

The statistical correlation between environmental and climate indicators was calculated.
As seen in Table 4-6, the statistical analysis generated an output of three positive weak
correlation relationships (Proximity to RCRA Sites and Access to Battery Powered Radio;
Proximity to UST Sites and Access to Battery Powered Radio; Proximity to RMP Sites and Flood
Risk), two negative moderate correlation relationships (Proximity to RCRA Sites and Structural
Vulnerability; Proximity to RMP Sites and Structural Vulnerability) and four negative weak
correlation relationships (Impaired Waterbodies and Structural Vulnerability; Household Lead and
Structural Vulnerability; Proximity to RCRA Sites and Without Air Conditioning; Proximity to RMP
Sites and Without Air Conditioning). Each of these relationships generated a p-value that showed
statistical significance. As seen in Figure 4-9, Apotgan CDP, Hagana CDP, and Apra Harbor CDP
are the three locations with six environmental and climate indicators above the 80th percentile.
These findings can be used to further understand the relationships between environmental
hazards and climate threats.
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Table 4-6: Environmental and Climate Indicators

Spearman’s Correlation
Environmental Indicator

Climate Indicator

Correlation

r-value

p-value

Proximity to RCRA
Sites

Access to Battery Powered
Radio

Weak

0.379

0.001

Proximity to USTs

Access to Battery Powered
Radio

Weak

0.365

0.002

Proximity to RMP Sites

Flood Risk

Weak

0.274

0.021

Proximity to RCRA
Sites

Structural Vulnerability

Moderate

- 0.480

< 0.001

Proximity to RMP Sites

Structural Vulnerability

Moderate

- 0.467

< 0.001

Impaired Waterbodies

Structural Vulnerability

Weak

- 0.393

< 0.001

Household Lead

Structural Vulnerability

Weak

- 0.356

0.002

Proximity to RCRA
Sites

Without Air Conditioning

Weak

- 0.276

0.020

Proximity to RMP Sites

Without Air Conditioning

Weak

- 0.271

0.022
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Figure 4-9: Climate and Environmental Indicators Above the 80th Percentile by Location
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Chapter 5
DISCUSSION4

This study combined concepts from environmental science, epidemiology, social science,
and geospatial research to add to the growing literature on environmental justice mapping and
the emerging study of environmental justice in island communities. Previous academic research
has studied the connections between environmental hazards, climate vulnerabilities, and socioeconomic status (Campbell & Barnett, 2010; Chen et al., 2019; Collins et al., 2019; Cushing et al.,
2015, Liévanos, 2018). However, existing research and geospatial mapping efforts have
overlooked the U.S. Pacific Islands, creating a gap in existing environmental justice research.
This gap in research is a concern as Pacific Island populations face similar, if not more severe,
environmental and climate-related burdens compared to communities in the continental U.S.
(Grecni et al., 2020; Schwebel, 2018).

5.1 Findings and Implications of Study

The methodology of this study led to the generation of maps exemplifying socio-economic,
environmental, and climate indicators, located in Appendix A. Along with indicator maps, the
study conducted statistical correlation calculations between each of the indicators using
Spearman's Correlation. The statistical analysis generated a total of 50 statistically significant
correlation relationships, which can be found in Chapter 4.

The results of this work provide one of the first case studies on environmental justice
analysis in the U.S. Pacific Islands and contribute meaningful findings to an understudied area of
research. This paper's findings support previous academic publishments, such as Cushing et al.

4

This section was completed collaboratively by Benjamin Rocha and Sina Schwenk-Mueller.
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(2015) and Banzhaf et al. (2019), which found that households and communities with lower socioeconomic status in the U.S. are at greater risk of experiencing detrimental impacts from
environmental hazards than populations of higher socio-economic status. The results also align
with work by Shonkoff et al. (2011) and suggest that communities with lower socio-economic
status have a weakened ability to cope or recover from climate change impacts, making them
more vulnerable. Research by Klöck and Nunn (2019) and Petzold and Magnan (2019) examines
the unique climate change-related vulnerabilities that small island states, such as Guam, face and
illustrates this study's importance as further research of island communities. These studies
attribute sea level rise and extreme weather events as the leading threats to island communities,
which was consistent with our research; however, within our results, we did not find a significant
statistical correlation between flood risk and socio-economic status.

This paper outlines new procedures for modifying existing geospatial analysis
techniques, such as modifying standard Census block data, to meet a community's localized
needs and concerns. Researchers can apply this study's framework for analyzing and mapping
environmental and climate vulnerabilities in locations with similar geographic, environmental, and
socio-economic characteristics to Guam. The new procedures can influence the future study of
environmental justice globally and expand research into unstudied geographic areas. Additionally,
the results illustrate some of the environmental disparities present in Guam and draw attention in
support of continued research on this issue within the region. Without this research, there would
be limited knowledge on geographic locations of environmental exposures and the correlation
between exposure and socio-economic status within Guam. The analysis provided and
subsequent mapping of disparities can help increase awareness and response time to
environmental justice issues by increasing the ability of decision-makers and community
members to efficiently analyze and map environmental disparities for varying geographic
locations and demographic populations within Guam. Groups can immediately begin addressing
the identified disparities outlined within this study and more efficiently conduct future studies with
the framework provided by this work.
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The public data used in this research also improves current residents' knowledge and
understanding of potential environmental risks. Heightened residents' knowledge can increase
public consciousness, enhance public engagement, incentivize polluters to contemplate
environmental protection as a priority and increase community action regarding environmental
justice (Fugui, 2008; Rowan-Robinson et al., 1996; Verestiuc et al., 2015). Furthermore, this
study makes environmental justice data more publicly accessible, which helps promote equal
protection and improves transparency in environmental decision-making processes.

Though this work primarily focuses on ensuring environmental equity, the results will also
improve environmental health and ecological services by exposing Guam's most significant
environmental and climate-related risks. The results provide a baseline comparison of
environmental equity for several geographic locations within Guam. This baseline allows
environmental managers to compare management approaches across locations and identify
areas that need further assistance or new management approaches. Identifying unfair exposures
can help with the mitigation of risks and remediation of problem areas.

5.2 Unexpected Results

As anticipated, the previous statistical relationships displayed a positive correlation,
meaning both indicators move in tandem. However, the results also generated unexpected
indicator relationships with negative correlation, or inverse correlation, meaning as one indicator
increases, the other decreases. The results generated two strong inverse relationships (Poverty
and Communication Gap, and Without Air Conditioning and Communication Gap) and four
moderate inverse relationships (Structural Vulnerability and Communication Gap, Without HS
Education and Communication Gap, RCRA Sites and Structural Vulnerability, and RMP Sites and
Structural Vulnerability).

These results were unexpected due to the nature of the indicators; for example, one
would not anticipate for a communication gap to decrease as poverty increases and vice versa,
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given that most low-income communities rely on public computers as they do not have access to
one at home (Kelley, 2013). Although these specific indicators have strong and moderate
negative correlations, this outcome does not necessarily imply that the instance of one has any
influence on the other. Correlation does not equal causation, meaning that the observed negative
correlations can exist for several reasons or pure coincidence. Four of the six inversely correlated
relationships include the "Communication Gap" indicator. The frequency of "Communication Gap"
inverse relationships provides potential evidence of a fault or weakness in this particular indicator.
It is assumed that the 2010 U.S. Census survey question used for the "Communication Gap" may
have provided skewed data due to a potentially subjective question.

5.3 Limitations to Study

As discussed in Section 3.8, the results of this study are not an exact determinate of the
existence or absence of environmental justice concerns within communities. Instead, the results
should act as a starting point to highlight potential candidates and alongside other factors, such
as national, regional, or local information, to aid decision-makers in determining areas that should
be further reviewed.

A fundamental limitation to this study is that data for only some relevant issues were
available. The results illustrate the current gap in environmental justice information in Guam.
Though this study attempted to map all relevant environmental, climate, and social indicators,
there were several relevant indicators for which data was unavailable or publicly accessible. The
most relevant missing datasets included air pollution, pesticide use, and groundwater quality.
These data were unavailable due to a lack of monitoring systems, record keeping, and potential
national security risks. The inability to access all relevant data inhibits decision-making and
community understanding of environmental justice in these locations. Identifying these gaps can
drive future investment and research in measuring and distributing currently unavailable
environmental and climate data.
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A level of uncertainty in data used within this study exists due to potential data collection or
storage errors both by the entities from which the data was gathered and through data
processing. Additionally, the methods by which we have calculated impact could be modified and
be weighted based on significance, thus potentially changing results. It is also important to note
that the inclusion of a dataset in this study does not imply it is the newest, best, or preliminary
estimate of actual conditions or risks.

Along with several other limitations to this project, one of the most important limitations is
that this study was conducted remotely using GIS software and publicly available data. When
researching a niche location, it is often beneficial to visit that area to get a better feel for the
community and its surroundings. However, visitation to the study area was not feasible during this
project. Additionally, this study had initially hoped to gain insight from the inhabitants of Guam to
gauge which indicators they believed would be most beneficial to them. However, due to lack of
community contact and time constraints, this was not an aspect included in this research.
Therefore, the indicators chosen for this study may not fully cover all of the information that the
inhabitants of Guam would be interested in having access to.

5.4 Suggestions for Future Research

Multiple relevant datasets were missing from this study for various reasons. These
datasets should be incorporated for future studies to be more accurate and valuable for residents
seeking this information. It is also essential for future studies to take the opinions and
perspectives of the people inhabiting the Pacific Islands into consideration. Throughout this study,
missing datasets were identified; however, there may be additional datasets that were not
included in this study that the residents of Guam would have found very useful.

Current screening tools, such as EJSCREEN, were used for this research as a guide.
However, EJSCREEN and other screening tools are designed for a larger scale and cover a
larger population. Therefore, this study did not end up as localized as we would have preferred.
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We suggest that future research use these tools as a reference and focus on the Pacific Islands
more specifically moving forward.

This study defined "minority" in Guam as an ethnicity other than Chamorro, Filipino, and
White, since those are the three dominant ethnicities within Guam. However, this failed to analyze
the potential vulnerabilities of the native Chamorro population. Given the historic rapid decline in
the Chamorro population, as discussed in section 3.4.1, future work should further study
environmental and climate vulnerabilities and Chamorro communities.

Due to time constraints, this study focused solely on the U.S. Territory of Guam; however,
future work should analyze all U.S. Island Territories and independent island states using this
study as a framework. While the methodology of this study can be applied to the other islands,
there may be critical differences between hazards and vulnerabilities that certain islands face
compared to others. This research is a step toward achieving the final goal of creating a publicly
accessible interactive web tool. It will be necessary for future work to continue collaborating with
local communities to determine which indicators provide the best localized tool for each of the
U.S. Pacific Islands.
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Chapter 6
CONCLUSION5

Environmental justice is the fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income with respect to the development,
implementation, and enforcement of environmental laws, regulations, and policies (U.S. EPA,
2014a). The two most significant barriers for those attempting to address environmental justice
issues are identifying individuals and communities facing a disproportional burden of
environmental issues and public access to information. Geospatial analysis tools, such as
EJSCREEN, were created to aid the government in identifying and understanding environmental
justice concerns at a community level and for the public to easily access data about the
environment around them. However, current screening tools overlook a significant portion of the
population under the U.S. EPA’s jurisdiction.

This study analyzes environmental justice in Guam by spatially mapping relevant
demographic and environmental/climate data and determining the correlation, if any, between the
exposure to environmental and climate-related hazards and the socio-economic status of
populations in Guam. The methodology for this project utilizes geospatial analysis and impact
assessment framework adapted from existing environmental justice spatial analysis tools and
research.

This study showed a wide geographic distribution of socio-economic indicators, likely due
to the large number and variability in the measured metric of these indicators. Despite the wide
distribution between the socio-economic indicators, there were three sets of moderate positive
correlations (Poverty and Linguistic Isolation; Under the Age 5 and Unemployment; Education
and Unemployment), three positive weak correlation relationships (Poverty and Unemployment;

5

This section was completed collaboratively by Benjamin Rocha and Sina Schwenk-Mueller.
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Under Age 5 and Education; and Education and Poverty), and one negative weak correlation
relationship (Under Age 5 and Age Greater than 65). Based on our findings, individual
households and communities often face multiple vulnerabilities, meaning they are often impacted
by more than one socio-economic indicator.

Several of the environmental indicators had statistically significant correlations with one
another. The statistical analysis generated three positive moderate correlation relationships
(Proximity to RCRA Sites and Proximity to RMP Sites; Proximity to RCRA and Proximity to USTs;
Impaired Waterbodies and Proximity to RCRA Sites) and three positive weak correlation
relationships (Impaired Waterbodies and Proximity to RMP Sites; Proximity to RMP Sites and
Proximity to USTs; Household Lead and Proximity to RCRA Sites). The findings of this research
indicate that the greatest concentration of environmental hazards is within the most urbanized
areas of Guam, suggesting that these communities are at a greater risk of detrimental impacts.
These results can be attributed to the increased prevalence of anthropogenic activities in
urbanized areas. Calculating the correlation between socio-economic and environmental
indicators generated an output of one positive moderate relationship (Minority and Proximity to
RCRA Sites) and three positive weak relationships (Minority and Lead; Linguistic Isolation and
Proximity to RCRA Sites; and Linguistic Isolation and Proximity to UST). The statistical analysis
also generated seven negative weak correlations (Age less than five and Proximity to RCRA
Sites, Education and Impaired Waterbodies, Education and Proximity to RCRA Sites,
Unemployment and Proximity to RCRA Sites, Unemployment and Impaired Waterbodies, Poverty
and Household Lead, Education and Proximity to RMP).

Several climate indicators had statistically significant correlations with one another. The
statistical analysis generated one positive moderate correlation (Structural Vulnerability and
Without Air Conditioning), one negative strong correlation (Without Air Conditioning and
Communication Gap), one negative moderate correlation (Structural Vulnerability and
Communication Gap), and one negative weak correlation (Structural Vulnerability and Access to
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Battery Powered Radio). The correlated relationships between the climate indicators support the
claim that climate risks tend to be distributed near one another. The findings of this research
indicate that the greatest concentration of climate vulnerabilities is along the coast, suggesting
that households near the coastline are at a higher risk of being impacted by climate change
impacts. Calculating the correlation between socio-economic and climate indicators generated an
output of four positive moderate relationships (Poverty and Without AC; Education and Structural
Vulnerability; Poverty and Structural Vulnerability; and Linguistic Isolation and Access to Battery
Powered Radio) and four positive weak relationships (Unemployment and Structural Vulnerability;
Education and Without AC; Unemployment and Without AC; and Poverty and Access to Battery
Powered Radio). In addition to positive correlation, negative correlation was observed between
socio-economic and climate indicators. The statistical analysis returned one negative strong
relationship (Poverty and Communication Gap), one negative moderate relationship (Education
and Communication Gap), and three negative weak relationships (Linguistic Isolation and
Communication Gap; Minority and Structural Vulnerability; and Unemployment and
Communication Gap). These correlation relationships support prior environmental justice findings
on the higher risk low-income households have in relation to climate vulnerability.

Environmental and climate indicators also showed significant correlation between several
of the indicators. The statistical analysis generated an output of three positive weak correlation
relationships (Proximity to RCRA Sites and Access to Battery Powered Radio; Proximity to UST
Sites and Access to Battery Powered Radio; Proximity to RMP Sites and Flood Risk), two
negative moderate correlation relationships (Proximity to RCRA Sites and Structural Vulnerability;
Proximity to RMP Sites and Structural Vulnerability) and four negative weak correlation
relationships (Impaired Waterbodies and Structural Vulnerability; Household Lead and Structural
Vulnerability; Proximity to RCRA Sites and Without Air Conditioning; Proximity to RMP Sites and
Without Air Conditioning).
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The results of this work provide one of the first case studies on environmental justice
analysis in the U.S. Pacific Islands. Our findings support the claims made by previous academic
research regarding the increased risk communities with lower socio-economic status have
concerning environmental hazards and climate vulnerabilities. Future researchers can use this
study as a framework for the remaining U.S. Pacific Islands and other small island states. The
data made available by this research also improves public knowledge and understanding of
potential environmental risks and climate vulnerabilities affecting them and their communities.
While there are limitations to this research, this study aims to fill an accessibility gap while also
expanding the understanding of environmental justice in Guam and, eventually, the U.S. Pacific
Islands altogether.
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